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 Research on the impacts of transport infrastructure is limited, and most of it is either focused on 
rural areas or on developed areas before modern geospatial technologies were available. This study aimed 
to fill this gap in transport research by providing a holistic look at the regional changes that occurred due to 
new transport infrastructure construction in Northwest Arkansas between 1980 and 2011. 
 The National Land Cover Database was used to create a time-series of land cover across the 
region between 1992 and 2011. These data were then used to predict future growth in the region. 
Additionally, growth patterns of the four largest cities (Bentonville, Fayetteville, Rogers, and Springdale) 
were studied, and monocentricity values for the region were calculated to study population movement. Data 
on income, retail trade, gross merchandise trade, and worker flows were used to economically characterize 
the region for the time period of study. 
 The results show that development is mostly occurring on top of agricultural land, though higher 
intensity developments do are often replacing lower intensity uses. A third of all development occurs within 
a half-mile of a US highway, with a third of these developments occurring within a half-mile of I-540/I-49. 
The main cities of Northwest Arkansas are expanding their borders at a rate that maintains roughly 50% 
developed land cover, such expansion and land use track could make for an easily quantifiable measure 
of urban sprawl that could be combined with other factors to better quantify sprawl than current methods. 
 Economically, Madison County, AR and McDonald County, MO both saw up to 80% permanent 
drops in economic trade that align with major milestones in the construction of I-540. This is further 
supported by a ten point drop in residents who chose to work outside of Benton or Washington County once 
the bypass was completed. Meanwhile, Benton County saw a short-lived doubling of trade, and Washington 
County saw a smaller, lagged effect that was also not permanent. These findings suggest that the I-540/I-
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 Globally, infrastructure is considered an important component of a competitive economy (World 
Bank, 1994), and with congestion alone costing the US an estimated $7 billion annually (United States. 
Department of Transportation, Federal Highway Administration, 2017), improving accessibility could have 
a large economic impact across the nation. Additionally, correlations between infrastructure spending and 
the economy have been previously established (Boarnet, 1995), but correlational data don’t explain whether 
this spending is a driver, or simply a result, of economic growth, and despite these claims, research is 
limited on the economic impact of transport infrastructure. With most urban areas now connected by at 
least one highway, if not more, and the economy becoming increasingly service-based (United States. 
Bureau of Economic Analysis, 2017), the importance of further expanding highway infrastructure for 
economic reasons is called into question. 
Additionally, urban sprawl is an area of increasing research interest. Often seen as an underutilization of 
land, sprawl can strain municipalities by requiring them to provide services to larger areas, as suburban 
population densities are typically much lower than in the core city. Furthermore, some research suggests 
that an abundance of high capacity, high speed transport infrastructure is partly to blame for sprawl by 
making areas further away from city cores more accessible. 
If the expansion of highway infrastructure promotes decentralization and increases traffic, then can it at 
least be justified economically? If not, then can it be justified at all? This research set out to study the spatial 
and economic impact of new highway infrastructure on the Northwest Arkansas, an urbanized area home 
to several major corporations that received an interstate connection well after it was urbanized and 
economically established. A regional limited access bypass was built over the course of the 1980s and 
1990s, but was not connected to the Arkansas interstate system until 1999. Did this new highway provide 
any sort of economic boost to the region, or did it simply promote decentralization of the population? 
Because these dates are relatively recent, geospatial and economic data are available that have only been 
used in a limited number of studies, and the combination of these data allow for a comprehensive look at 
transport infrastructure not previously seen.
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2. Literature Review 
Metropolitan Statistical Areas and Urban Growth Factors 
In order to study the urban form of Northwest Arkansas, and the interconnected cities that populate 
it, it is important to first establish a baseline understanding of what affects both city and metropolitan growth. 
This section reviews the research on urban agglomeration economies and other factors that affect growth, 
excluding transport infrastructure, which is reviewed in the next section. 
In general, larger urban areas have higher productivity due to the agglomeration economies that 
form (Lee and Gordon, 2007). These agglomeration economies allow for lower production costs, a broader 
pool of talent to pull from, and the specialization of production and labor, though often at a cost of increased 
congestion, pollution, and crime rates. However, these outcomes are heavily influenced by size of the 
metropolitan area. In smaller MSAs, such as Northwest Arkansas, a clustered form can best strengthen the 
economy whereas larger areas benefit more from a greater level of dispersion, though the presence of 
multiple distinct urban cores has been correlated with higher metropolitan productivity, regardless of size 
or shape within each core (Meijers and Burger, 2010). 
 It has been repeatedly shown that one of the most important factors for the growth and continued 
well-being of an urbanized area is its human capital (Glaeser and Shapiro, 2003, Blumenthal, Wolman, and 
Hill, 2008; Ahmad and Goparaju, 2016). In particular, the average level of education of an area’s population 
is important, with more high school diplomas (Glaeser, Scheinkman, and Shleifer, 1995) and college 
degrees (Rosenthal and Strange, 2008; Abel and Gabe 2011) leading to significant increases in 
productivity. At the metropolitan level, spillover effects are prominent, and the average across the entire 
MSA affects the individual cities within it (Simon, 1998). For smaller MSAs, the regional influence is even 
greater, and suburban human capital can be more important than core city capital (Florida, Mellander, and 
Stolarick, 2016). 
 Other factors correlated with regional growth include business-friendly regulations, such as right-
to-work laws (Blumenthal, Wolman, and Hill, 2008), warmer climate (Glaeser and Shapiro, 2003; Lee and 
Gordon, 2007), which is often attributed to technology, such as the air conditioner, making warmer climates 
more bearable, and the level of manufacturing in an area, though the literature is mixed as to whether it 
helps or hurts an area. Traditionally correlated with slower economic growth (Glaeser, Scheinkman, and 
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Shleifer, 1995; Lee and Gordon, 2007), it has been suggested that modern cities may be seeing a small 
resurgence in manufacturing due to increasing demand for specialized equipment, such as biomedical 
devices (Blumenthal, Wolman, and Hill, 2008). 
 
Transport and the Built Environment 
 Another important factor in an area’s well-being, though often taken for granted, is the transport 
infrastructure of an area. Though it is difficult to measure the direct impact local infrastructure has, it has 
been suggested that it can have a significant indirect impact, particularly by not being a limiting factor in an 
area’s growth and by opening up new opportunities or connections that wouldn’t otherwise be feasible.  This 
section provides an overview of the relationship between an area’s transport infrastructure and its 
inhabitants. 
 At the county level, highway infrastructure has been shown to be positively associated with higher 
population and employment densities, though it will often pull from adjacent counties rather than bring in 
new opportunities  (Carlino and Mills, 1987; Rephann, Terance, and Isserman, 1994). Rephann, Terance, 
and Isserman suggest that a minimum population of twenty-five thousand is necessary for significant 
benefits to occur from new highway infrastructure, as rural areas simply don’t have the population or 
economies necessary to promote new opportunities. When a new highway does go in, over 75% of the new 
development that will occur happens in the first three years (Mason, 1973). 
 One concept that has been of increasing interest in recent years is that of induced demand, the 
idea that building higher capacity road infrastructure will entice more people to use it, leading to more traffic 
than there would otherwise be. Previous studies have shown that there is an almost 1:1 relationship 
between increases in transport infrastructure and traffic (Goodwin, 1996; Hansen and Huan, 1997; Thill and 
Kim, 2005). Why this occurs is an area of ongoing study, but possible explanations are that it is simply a 
function of real estate development being attracted to the new infrastructure and therefore driving growth 
along the highway (Cervero, 2003a), or that greater accessibility promotes different travel choices (Liu and 
Shen, 2011), which can appear to be increased demand even if area-wide demand is constant (Cervero, 




It has been similarly suggested that highways promote suburbanization (Baum-Snow, 2007), 
especially when they pass near central business districts, as can be seen by greater population densities 
near highways and the decrease in historical central city populations while metropolitan populations have 
increased. Other studies have also suggested that new developments follow highway infrastructure (Ahmad 
and Goparaju, 2016) and can drive land use changes (Mothorpe, Hanson, and Schnier, 2013). 
 
The Economic Impact of Transport Infrastructure 
 Moving from spatial impacts, this section looks specifically at the economic impact of transport 
infrastructure. In theory, improved transport infrastructure should create better accessibility, opening up 
new opportunities, and save on transport costs. The research, though, is both limited and uncertain, 
especially for urban areas. Banister and Berechman (2003) performed one of the most comprehensive 
literature reviews to date and proposed that the difficulty of measuring micro-scale economic indicators in 
urban areas combined with the relatively small part that even the best changes in infrastructure could 
provide are the primary reasons why research into the economic impact of transport infrastructure is lacking. 
Their review, along with others presented below, backs up the idea that most impacts are too small to 
measure in already developed, well-connected areas. In fact, one of the few studies that attempted to 
quantify the savings of new highway infrastructure found that, at most, there was a 0.33% decrease in 
manufacturing and transport costs due to a major new connection between two urban areas (Dodgson, 
1973). It is possible, though, that quality infrastructure may be a requirement, but not a driver, of economic 
growth (Eberts, 1990), which would be much more difficult to measure. 
 Improved accessibility, particularly for private cars, has been occasionally associated with 
increased economic development (Ozbay, K., D. Ozmen, and J. Berechman, 2006), but much of this 
association could be reactionary as areas expand their infrastructure to meet growth that is already 
occurring. Metropolitan areas seem to benefit the most, particularly the smaller ones (Kastrouni, He, and 
Zhang, 2014) but most benefit is seen during construction, with only a small, lagged benefit occurring after 
(Babcock, Emerson, and Prater, 1997). If an area is completely lacking in highway infrastructure, it may 
see an increase in manufacturing jobs (Holl, 2004), but regional variables still appear to outweigh any 
impact from transport infrastructure (United States Department of Agriculture, 1999). 
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 One area of concern, touched upon briefly in the previous section, is the competition that highway 
infrastructure can create between adjacent counties. While increased highway spending is associated with 
higher economic output, surrounding areas will oftentimes see decreased output (Boarnet, 1995). Usually 
measured in retail trade, adjacent counties can see drops by 10% or more (Chandra and Thompson, 2000) 
once a new highway opens, though other findings have been noticeable, but statistically insignificant 
(Rephann, Terance, and Isserman, 1994). 
 Regarding business location, infrastructure seems to mostly affect the finer location decisions once 
a region has already been selected based on factors such as human capital,  business environment, and 
so on (Leitham, McQuaid, and Nelson, 2000). Mason (1973) found that not only was infrastructure not a 
significant determinant in business location decisions, but most businesses near the interstate of study 
were targeted towards non-interstate customers. For headquarters, good airport facilities and regional 
specialization appear to greatly outweigh any impact highway infrastructure might have (Strauss-Kahn and 
Vives, 2009). Despite most businesses not putting much emphasis on infrastructure supply when deciding 
where to expand to, they will take advantage of it when available, such as re-optimizing their supply routes 
(Datta, 2012) or when considering relocation within a city (Leitham, McQuaid, and Nelson, 2000). 
 
Quantifying the Urban Form 
Quantifying the spatial structure of cities is an area of ongoing research and debate, with 
disagreements as to not only how variables should be measured, but also as to what they even mean. For 
instance, how do you define urban sprawl, and at what point is a city far enough on either end of the 
spectrum to satisfy this definition? Some take qualitative approaches, based on visual descriptions, while 
others focus on more quantitative approaches so that sprawl, in whatever definition chosen, can be 
monitored and modeled. 
Galster et al (2001) grouped the varying definitions of sprawl from previous literature into six 
categories: by example (such as comparing two cities to one another), by aesthetics (how does the city 
look?), as a measure of some unwanted externalities (such as traffic congestion or income segregation), 
as a consequence of fragmented land control and planning, as a selection of land development patterns, 
or as a middle-stage of development as an area goes from undeveloped to urban. The authors go on to 
propose their own definition of sprawl as a land use pattern that has low levels of one or more dimensions 
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of the urban environment: density (average number of residential units per square mile of developable 
land), continuity (the degree of unbroken development in an area), concentration (how disproportionately 
located development is), clustering (how “tightly bunched” development is to minimize the amount of land 
used), centrality (how close to the central business district both residential and nonresidential developments 
are), nuclearity (how many “intensely developed places” there are around which other developments are 
built), mixed uses (the degree that multiple land uses exist within a small area), and proximity (how close 
varying land uses are to one another). While encompassing many different side of the urban form, this also 
represents the ongoing lack of consensus in the field, and sprawl may very well be something that will 
always have differing definitions depending on the goals of each study. 
Ji et al (2006), summarizing urban sprawl as “a consequence of socioeconomic development under 
certain circumstances”, used remotely sensed data to explore sprawl on a city, county, and metropolitan 
scale. This was done with a combination of Landsat data, historical documents verifying land cover types 
over time, and supervised classification to create time-series data on the amount of land covered by built 
uses, forest, non-forest, and water. This limited selection of land cover type was used to prevent “salt and 
peppering”, where individual pixels classify differently than the area around them due to imperfections in 
data sources and classification. 
Wilson et al (2003) developed an urban growth model that was intended to be simple to implement, 
yet well-representative of the actual urban environment. Using land cover data showing developed, 
undeveloped, and water pixels, which represents undevelopable land, the authors created change maps 
and used these maps to classify development changes into three categories: infill (a newly developed pixel 
that had adjacent developed pixels), expansion (a new developed pixel that was connected to developed 
pixels, but mostly surrounded by undeveloped pixels), and outlying (a lone pixel or two, such as a new 
house, that appears beyond developed areas). By studying not only what pixels have changed, but in what 
way relative to those around them, this methodology allows for a comprehensive understanding and 
modeling of the growth that’s occurring in an area, which can then be used as needed for urban studies. 
One of the most comprehensive studies to date was performed by Lowry and Lowry (2014) and 
compared eighteen different metrics for their ability to uniquely characterize the urban form. They classified 
these metrics into four areas of study: density, centrality (the separation between where people live and 
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where they spend their time away from the home), accessibility, and neighborhood mix. Density was tested 
as function of median single family residential lot size, housing density, median number of rooms, 
population density, and average household. Centrality was studied as the mean distance to commercial 
zones, public parks, K-12 schools, and transit but stops. Accessibility was measured as a function of street 
connectivity (the ratio of streets to intersections), the median perimeter of residential blocks, dendritic 
streets patterns (measured as the ratio of cul-de-sacs to streets), and as the median length of cul-de-sacs. 
Neighborhood mix was based on land use contiguity, richness, diversity, the proportion of people working 
outside of the city, and the ratio of renters to owners. Census block groups were used to represent 
neighborhoods with similar social, economic, and demographic characteristics. 
Their results showed that density metrics could best characterize the urban form, and though 
population density is often used to describe urban density, the authors argue that housing density is more 
descriptive since it can be combined with average household size or the median number of rooms in order 
to determine the physical condition of land use and actual living density. Centrality, while useful for 
describing the urban form as it currently is, is limited by the fact that historic locations of schools, bus stops, 
and more is often unavailable, and therefore unsuitable for historic study. Ultimately, in addition to the 
previously discussed density metrics, the authors recommend mean distance to commercial zones and 
schools for centrality metrics, all four metrics of accessibility in order to capture different dimensions of 




3. Study Site 
Commonly referred to as Northwest Arkansas, the Fayetteville-Springdale-Rogers, AR-MO 
Metropolitan Statistical Area is composed of Benton, Madison, and Washington counties in Arkansas and 
McDonald County in Missouri (Figure 3.1). The region has a total estimated population of 493,095 people, 
with sixty-eight percent living in urban areas and a little over half living in one of four cities: Fayetteville 
(population 79,037) in Washington County, Springdale (75,088), which lies in both Benton and Washington 
County, Rogers (60,384), and Bentonville (40,368), both in Benton County (United States Census Bureau, 
2015). Altogether, roughly 92% of the MSA population resides in Benton and Washington Counties, though 
all four counties have experienced growth faster than the national average since 1971 (Gascon and Varley, 
2015). 
 




 The region is seventy-five percent white, fifteen percent Hispanic, and split among other races. 
There is also a considerable Marshallese population, and though there is no definite population count, 
estimates put Arkansas as having the second highest Marshallese population in the United States, with 
most of them living in or around Springdale (The Encyclopedia of Arkansas History and Culture, 2017). 
 
Physical Geography 
The MSA sits on top of the Ozark Plateau, a geologic highland that occupies most of northern 
Arkansas, middle and southern Missouri, and parts of eastern Oklahoma (Figure 3.2). Repeated uplifting 
and the resulting stream incisement due to the area’s rich hydrology has created a rugged terrain, 
particularly in the southern extent, known as the Boston Mountains (United States. Oklahoma Geological 
Survey. 1995), which stretch laterally across eastern Oklahoma and northern Arkansas and contain the 
highest points in Northwest Arkansas. The Boston Mountains are perhaps most notable for being the source 
of many rivers, including the White River and the Buffalo National River, the first designated national river 
in the United States, and for housing Devil’s Den State Park, a popular hiking and outdoors location that 
shows off the scenic and varied landscape. 
To the north, the Bostons give way to the Springfield Plateau, which contrasts the rough terrain of 
the Bostons with a gentler landscape largely composed of rolling hills, and occupies almost all of Northwest 
Arkansas. While the Boston Mountains are largely forested due to the terrain being unsuitable for significant 
urban or agricultural use, the gentler Springfield Plateau is home to all major cities in Northwest Arkansas 
and supports extensive agricultural use. Significant features of the Springfield Plateau include Mount 
Sequoyah, located in the heart of Fayetteville and a popular location for its iconic view of the city, and 
Beaver Lake, a 28,000 acre man-made reservoir on the White River that supplies drinking water to most 





Figure 3.2. The Ozark Plateau 
 
Economy 
Since the early 1970s, Northwest Arkansas has experienced population and per-capita income 
growth faster than the national average. This has taken the region from a per capita personal income 
roughly 67% of the national average in 1970 to one that is 4% above the national average as of 2014 
(United States Federal Reserve Bank of St. Louis, 2016). This growth is due, in no small part, to several 
major companies that call Northwest Arkansas home. Walmart, the world’s largest corporation, is based in 
Bentonville, and employs over 28,000 people directly and an estimated 6,000 more indirectly via vendors 
that have offices in the region. Tyson, 82nd on the 2015 Fortune 500 list and based in Springdale, employs 
approximately 12,000 people in the region. J.B. Hunt Transport Services, another Fortune 500 ranked 
company, based in Lowell, employs 2,600 residents. Additionally, the University of Arkansas ranks third in 
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the region for employment, above J.B. Hunt, with approximately 4,000 employees. Combined, these four 
employers account for roughly a quarter of the workforce in the region. 
With an economy that is heavily based on just a few organizations, it follows that the primary areas 
of employment are professional and business services, the government, manufacturing, education, and 
hospitality services, and the share of these jobs is directly related to which major employer is located in or 
around each city. In Springdale, thirty-four percent of the workforce is employed in manufacturing or 
construction, and in Rogers twenty-two percent are employed in these two fields, with retail trade 
accounting for an additional twenty-two percent. In Fayetteville, forty-five percent of the workforce is 
employed in either education or recreational services. In Bentonville, thirty-six percent of the workforce is 
involved in retail trade. Outside of these four cities, retail trade, manufacturing, and educational services 
are the primary fields of employment. 
 
Transportation in Northwest Arkansas 
 The primary mode of transportation in Northwest Arkansas is the car, which is how ninety-six 
percent of the workforce that doesn’t work from home gets to work each day. This is higher than the national 
average at ninety percent, though public transportation is limited in the area and is primarily serviced by the 
University of Arkansas’ Razorback Transit, a series of bus lines primarily intended to serve the off campus 
student population throughout Fayetteville, though the general public is also allowed to ride, and Ozark 
Regional Transit, a public bus service that primarily serves Fayetteville and Springdale. Non-vehicular 
transport accounts for three percent of workforce transportation, compared with four and a half nationally, 
despite the hilly terrain being a barrier to active transportation for many. 
 The two main routes into and through the region are I-49 (previously I-540) and US 71. The stretch 
of US 71 that runs through Northwest Arkansas begins in Alma, Arkansas and winds its way north through 
the Boston Mountains as a mostly two-lane roadway, a popular drive for its scenic views but not a 
particularly quick way to travel into and out of the region. It passes through the major cities of Northwest 
Arkansas, merges with I-49 toward the state border, and continues on into Missouri. 
Interstate 540, part of Arkansas’ original interstate plan that began construction in 1952, was 
originally a short route to connect the city of Fort Smith to Interstate 40 (Figure 3.3) (Historical Review - 
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Volume Two, 2004). Better connectivity to and within Northwest Arkansas had been desired for some time, 
and construction began in the 1970s to provide a limited access highway that ran from Fayetteville to 
Bentonville. Around the time this highway was completed in the mid 1990s, construction began to expand 
I-540 northward from Alma to Fayetteville, with the route completed and officially opened in early 1999. In 
2014, this entire northbound section of I-540 was redesignated as a part of Interstate 49, and though there 
is currently a short stretch where I-49 in Arkansas merges into US 71, which then merges with I-49 again 
in Missouri, there are plans to eventually have I-49 run uninterrupted between the two states. Because all 
data in this study are from before the redesignation to I-49, it will be referred to as I-540 to better reflect the 
period of study. 
 
Area of Study 
There are several aspects of Northwest Arkansas that make it a good candidate for study. Possibly 
the most important is the date at which the interstate was added. Because the Alma-Fayetteville connection 
was completed in 1999, there is geospatial data available from both before and after opening. This allows 
for new forms of analysis not performed in earlier research, which focused largely on the effects of the 
interstate system after its initial construction phases in the 50s, 60s, and 70s. 
Additionally, it has been established that a prior level of urbanization (typically in the range of 30,000 
to 250,000 people) is required in order to see significant changes due to transport investment (United States 
Department of Agriculture,1999). At the time of I-540’s opening, the metropolitan statistical area had a 
population of 347,000 people, with 167,000 of these living in Fayetteville, Springdale, Rogers, and 
Bentonville (United States Census Bureau, 2000). This makes the region a good candidate for study as the 
population of Northwest Arkansas, and the primary cities located along the interstate, both fell into the upper 
range, or even exceeded, most estimated minimum population sizes. 
Another important factor to consider is the type of connection being made and whether or not it 
opens up any new economic opportunities (Banister and Berechman, 2003). In the case of Northwest 
Arkansas, the addition of a limited access highway to run alongside and replace US 71, a road that varies 
from two to four lanes and winds through the Boston Mountains, created a more direct, safer, and higher 




Figure 3.3. The original and expanded extent of I-49/I-540 
 
Additionally, the many colleges and universities of Northwest Arkansas, including the University of 
Arkansas, have produced an educated workforce, which has repeatedly been shown to be important to 
urban growth (Blumental, Wolman, and Hill, 2008; Glaeser and Shapiro, 2003; Glaeser and Scheinkman, 
1995.). Though the region as a whole is behind the national average for percent of the population over 25 
years old with a bachelor’s degree or higher (27.1% vs 28.8%), Fayetteville and Bentonville both have much 
higher rates at 44.8% and 41.4%, respectively (United States Census Bureau, 2013). It is possible that 
improved connectivity could open up the region’s rich human capital to new and larger markets. 
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This study focuses on the cities of Fayetteville, Springdale, Rogers, and Bentonville (Figure 3.4), 
though the entirety of Benton and Washington County will be considered at times both due to constraints 
on data availability and for the purposes of providing a more complete picture of how the region has 
changed over time. The foremost reason for choosing these cities as the focus is due to their proximity to 
I-49/I-540. Because it runs through these four cities, it is expected that they will see the most benefit 
(Boarnet, 1995; United States Department of Agriculture,1999). This selection is also due to their prior 
populations and levels of urbanization, which is important in order to see growth as a result of transport 
infrastructure development. Additionally, there is evidence that neighboring areas will not directly benefit 
from the construction of I-540 (Boarnet, 1995), so Madison and McDonald counties will not be considered, 
except as part of discussions on the entire metropolitan area. For the remainder of this study, Northwest 









The primary source of data for this study was the National Land Cover Database (NLCD), a 
collection of georeferenced raster images providing approximate land cover information for the entire United 
States at a 30-meter resolution (See Appendix A for a complete legend and description of classifications). 
This collection is the effort of the Multi-Resolution Land Characteristics consortium (MRLC), a group of 
federal agencies including USGS, NOAA, NASA, and others. These data were chosen because they are 
available for 1992 (though in a limited form, as discussed below), 2001, 2006, and 2011. This allows for 
study before, immediately after, and for an extended amount of time past the completion of the Northwest 
Arkansas stretch of I-540. 
These data are also considered to be reasonably accurate, with 2001 and 2006 data considered to 
be at least 85% accurate at the regional level for Anderson Level I classifications, though sometimes as 
high as 91% accurate, and 79% accurate at Anderson Level II (Wickham et al, 2010 and Homer et al, 2012). 
1992 is considered to be less accurate at 80% for Level I, but only 55% accurate at Level II. Another study 
found that while tree cover can be estimated by as much as 28%, impervious cover, which is the focus of 
this study, is typically quite accurate at no more than 6% underestimated (Nowak and Greenfield, 2010). 
Additionally, personal comparison of the data with Landsat imagery for Northwest Arkansas showed a good 
level of accuracy for developed areas and it was determined that the data were sufficient for the purposes 
of this study (Figure 4.1) (see Appendix B for regional comparisons of each year). 
There are some limitations with the data, though. In particular, there were methodological changes 
between the creation of the 1992 and 2001 product, making direct comparison between the two datasets 
unsuitable. A retrofit dataset has been created by the MRLC to allow for Level I comparisons between 1992 
and 2001, but the data is still of limited accuracy. Therefore, data from 1992 was only used for the purposes 








Figure 4.1 Landsat and National Land Cover Database Comparison. Springdale, 2011. 
 
For the economic portions of this study, data was obtained from the 1983-2009 Rand McNally 
Commercial Atlases, which cover the years 1981 to 2007. This dataset allows for study that begins not long 
after construction of the limited access highway through Northwest Arkansas that would eventually become 
part of I-540 began and continues into more recent time periods. 
Population, housing, and travel data were obtained from the Census for the years 1980, 1990, 
2000, 2010, and the 2015 5-year American Community Survey (ACS), which represents data collected for 
2011-2015 and is considered by the Census to be the most reliable of the ACS datasets, and the most 
appropriate for smaller populations (United States Census Bureau, 2008). Data from 2000 and newer were 
obtained online from the Census’ American FactFinder website. Older data were obtained in person or via 
digital scans of printed census books. 
 
Classification of Developed Land 
In order to determine the changes in developed land uses, NLCD data for the 1992 retrofit, 2001, 
2006, and 2011 was used to determine developed and undeveloped land. Each dataset was first clipped 
to Benton and Washington Counties, and then reclassified as either developed (NLCD categories 21, 22, 
23, and 24 for 2001, 2006, and 2011, and “Urban” for the retrofit), undeveloped (all remaining non-water 
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classifications), and water (Wilson et al, 2003). Water, representing undevelopable surface area, was then 
nulled so as not to impact calculations. These datasets were then used for several analyses, which follow. 
 
Changes in Developed Land Cover 
The reclassified data were then also clipped to the city limits of Bentonville, Fayetteville, Springdale, 
and Rogers in order to study how each city has developed. Since all four cities have annexed additional 
areas since 1990, developed land cover change was first analysed for the 1990 city limits, as provided by 
the Census, in order to study the core urban area (CUA) of each city over time. The data were then analyzed 
again using the 2000 city limits for the 2001 data and the 2010 city limits, for the 2011 data in capture the 
growth of each city. Because no data on city limits were available for around 2006, the 2006 data were 
excluded. 
For the 2001 and 2011 data, the modified Level II classifications used in the NLCD were used to 
identify specific land use changes in the area. This was done in a similar manner to the reclassified land 
cover data, with one exception. In order to both help prevent a “salt and pepper” effect (Ji et al, 2006) due 
to more classifications, and to account for the lowered accuracy of Level II classifications, particularly on a 
smaller scale, the data for each year were ran through Arcmap’s Focal Statistics tool, where a moving 3x3 
window centered on each pixel and reclassified it according to the majority share of pixels within the window. 
In the event of a tie, the original pixel value was used. These data were then cropped to Benton and 
Washington Counties, the 1990 core urban areas, and the expanding city borders. 
 
Sources of Newly Developed Land 
In order to determine the sources of land developed between 2001 and 2011, the majority share 
reclassified NLCD data for each year were used and clipped to both the entirety of Northwest Arkansas and 
the 2010 extents of Bentonville, Fayetteville, Springdale, and Rogers. Data classified as any level of 
developed (NLCD categories 21-24) in 2011 were cross referenced with 2001 data to determine the pixel 
classification for that year. Pixels that didn’t experience any change, for example classified as medium 
intensity in both 2001 and 2011, were excluded. All other pixels were summed and calculated as both 
square miles of land and percent-share of newly developed land sources. 
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Corridors of Growth 
The next step was to determine the importance of highways on land development. This was done 
by first separating the developed land that existed in 2011 from the land that was already developed in 
1992 in order to get only new developments. Using the reclassified land cover data, in which land has a 
binary value of developed (1) or not (0), the 1992 data were subtracted from the 2011 data. Pixels that were 
still classified as developed are those that existed in 2011 but not 1992. Buffers of a quarter-mile, half-mile, 
and one-mile in radius were then created around every US highway in Northwest Arkansas and the newly 
developed land data were clipped to these buffers (Figure 4.2). Locations and share of newly developed 
land throughout the region and within these highway corridors were then calculated. Additionally, growth 
within these corridors inside of cities were examined in order to determine the importance of highway 
corridors on growth within urban areas. 
 
Centrality 
Monocentricity describes how concentrated the population of a metropolitan area is. A more 
monocentric area will have its population concentrated within just a few cities, whereas a polycentric area 
with have its population more evenly dispersed among all cities. For this study, a methodology similar to 
that of Meijers and Burger (2010) was used. For 1980, 1990, 2000, 2010, and 2014, the cities of Benton 
and Washington County were ranked based on the logarithm of their population, ranked based on their 
size, and then plotted. The slope of the best fit line was calculated for each year, and then these slopes 
were plotted to show the changing levels of monocentricity in the region. A steeper slope would indicate a 
more monocentric area, where most people live in just a few cities, while a flatter slope represents a more 
polycentric area, where the population is more even spread out. In the original study, Northwest Arkansas 
had to be excluded because Bentonville, Fayetteville, Springdale, and Rogers largely function as one urban 
area. To account for this, the monocentricity of the region was calculated with these four cities counting as 
one area so that distinct areas of population and economic concentration could be better characterized. 
Additionally, the monocentricity of just these four cities was calculated over time to better track the spread 
of population within this large area. 
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To further characterize centrality, Census worker flows for 1980, 1990, 2000, 2010, and 2013 were 
gathered. These flows show where a worker lives and where they work. For the purposes of this study, 
travel behavior was categorized, for both Benton and Washington County, into residents who live and work 
in the same county, who live in one county and work in the other, or who live in one county and don’t work 
in either Benton or Washington County. 
 
 






After establishing patterns of urban growth, the focus shifts to the economic changes in Northwest 
Arkansas. Due to the agglomeration economies that form in metropolitan areas (Lee and Gordon, 2007, 
and Meijers and Burger, 2010), all counties within the MSA were included in this portion of the study: 
Benton, Madison, McDonald, and Washington. 
Three aspects of each county’s economy were selected to characterize the MSA: per capita 
personal income, total retail trade, and per capita general merchandise trade (Chandra and Thompson, 
2000; Ozbay, Ozmen-Ertekin, and Berechman, 2003). Income was normalized to national and state 
incomes for each year and retail was normalized to total US retail trade. The Rand McNally Commercial 
Atlases were sourced for trade data at the county level for every other year from 1983-2009, which cover 
1981-2007. Additionally, Rand McNally did not begin tracking general merchandise trade until 1985, and 
therefore the data for that section begin in 1985 as opposed to 1981. The US Bureau of Economic Analysis 





Classification of Developed Land 
 A sample of reclassified data land cover is presented below in Figure 5.1. Maps of the entire 
region for each year are in Appendix C. All pixels previously classified as any level of developed were 
grouped together into a single “Developed” classification. All remaining pixels, with the exception of water, 
were grouped into an “Undeveloped” classification. Water has been nulled and excluded from calculations 
since it represents undevelopable land. 
 
Figure 5.1. Sample of the reclassified land cover data. Bentonville and Rogers area, 2011. From left to 
right: Landsat true-color image. National Land Cover Classifications. Reclassified land cover. 
 
Changes in Developed Land Cover 
Tables 5.1.1 to 5.2.2 present the change in core urban area development from 1992 to 2011. Figure 
5.2 presents a sample of overall developed land cover change for the region (See Appendix D for time 
series for each major city). Since 1992, the region as a whole has been steadily growing more developed 
at an average rate of 1.47% a year, amounting to a total of fifty square-miles of newly developed land 
between 1992 and 2011. Of these fifty square-miles, approximately three came from the core urban area 
of Bentonville, three from Fayetteville, two from Rogers, and four from Springdale. The core urban areas of 
Springdale and Bentonville have consistently experienced the most growth, both in terms of newly 
developed land and as a proportion of their previously developed land. With the exception of the period 
23 
 
1992 to 2001, Fayetteville has experienced the slowest growth as a proportion of its originally developed 
area, though it has outgrown Rogers in terms of sheer square-mileage. 
 
Figure 5.2. Developed land cover change for the entirety of Northwest Arkansas. 1992 to 2011. 
 
Table 5.1.1 Developed Land Cover Change in Northwest Arkansas: 1992 to 2011 
Land Cover Type 
(Square Miles) 
1992 2001 2006 2011 
Undeveloped 1,632 1,611 1,592 1,582 
Developed 164 185 205 214 
Percent Developed 9.12% 10.30% 11.41% 11.91% 
Note: Due to changes in measured water cover for each year, totals are not equal 
 
Table 5.1.2 Percent Change in Developed Land Cover in Northwest Arkansas: 1992 to 2011 
 
1992 to 2001 2001 to 2006 2006 to 2011 1992 to 2011 
Undeveloped -1.32% -1.18% -1.81% -3.06% 








Table 5.2.1 Developed Land Cover Change in Core Urban Areas: 1992 to 2011 
Land Cover Type 
(Square Miles) 
1992 2001 2006 2011 
Bentonville 
    
Undeveloped 7.90 6.48 5.26 4.60 
Developed 6.73 8.15 9.37 10.03 
Percent Developed 46.01% 55.70% 64.05% 68.54% 
Fayetteville 
    
Undeveloped 21.23 19.76 18.90 18.23 
Developed 19.23 20.69 21.56 22.23 
Percent Developed 47.53% 51.14% 53.29% 54.94% 
Rogers 
    
Undeveloped 9.94 9.18 8.50 8.13 
Developed 12.26 13.03 13.71 14.09 
Percent Developed 55.22% 58.65% 61.72% 63.41% 
Springdale 
    
Undeveloped 15.41 13.48 11.69 10.88 
Developed 14.28 16.21 18.00 18.82 
Percent Developed 48.10% 54.61% 60.63% 63.37% 





Table 5.2.2 Percent Change in Developed Land Cover in Core Urban Areas: 1992 to 2011 
 
1992 to 2001 2001 to 2006 2006 to 2011 1992 to 2011 
All Four Cities 
    
Undeveloped -10.24% -9.32% -5.67% -23.22% 
Developed 10.61% 7.85% 21.38% 44.79% 
Bentonville 
    
Undeveloped -17.96% -18.85% -12.48% -41.73% 
Developed 21.07% 14.99% 7.01% 48.97% 
Fayetteville 
    
Undeveloped -6.90% -4.40% -3.53% -14.14% 
Developed 7.57% 4.20% 3.10% 15.56% 
Rogers 
    
Undeveloped -7.64% -7.42% -4.42% -18.27% 
Developed 6.24% 5.23% 2.74% 14.85% 
Springdale 
    
Undeveloped -12.55% -13.27% -6.96% -29.43% 
Developed 13.53% 11.03% 4.53% 31.75% 
  
Tables 5.3.1 and 5.3.2 show land cover change for each city as their borders have expanded over 
time (see Appendix D for time series of each city). Change in total area for the time period is also presented 
and the change in area was calculated for both between sampling dates from 1992-2011. Bentonville has 
been consistently expanding its borders since 1990, resulting in a city area more than double its original 
extent during the period of study. This land is approximately an equal mix of developed and undeveloped 
land, though there is a skew towards developed land, resulting in less than a percent increase in the share 
of developed land in Bentonville between 1992 and 2011. Rogers experienced its greatest areal growth in 
the 90s and has also had less than a one-percent change in developed land cover. Fayetteville and 
Springdale have expanded their borders at a greater rate over time, but Springdale is the only city out of 




Table 5.3.1 Developed Land Cover Change: 1992 to 2011 
Land Cover Type 
(Square Miles) 
1992 2001 2011 
Bentonville 
   
Total Area 14.67 21.65 31.73 
Undeveloped 7.90 12.31 16.77 
Developed 6.73 9.34 14.87 
Percent Developed 46.01% 43.15% 46.99% 
Fayetteville 
   
Total Area 41.32 44.61 55.23 
Undeveloped 21.23 22.01 28.09 
Developed 19.23 21.72 26.16 
Percent Developed 47.53% 49.67% 48.23% 
Rogers 
   
Total Area 22.25 33.60 38.21 
Undeveloped 9.94 18.31 16.86 
Developed 12.26 15.20 21.28 
Percent Developed 55.22% 45.37% 55.79% 
Springdale 
   
Total Area 29.73 31.49 42.10 
Undeveloped 15.41 14.70 20.24 
Developed 14.28 16.75 21.82 
Percent Developed 48.10% 53.26% 51.88% 





Table 5.3.2 Percent Change in Developed Land Cover: 1992 to 2011 
 
1992 to 2001 2001 to 2011 1992 to 2011 
Bentonville 
   
Total Area 47.58% 46.56% 116.29% 
Undeveloped 55.79% 36.23% 112.28% 
Developed 38.76% 59.21% 120.95% 
Fayetteville 
   
Total Area 7.96% 23.81% 33.66% 
Undeveloped 3.67% 27.62% 32.31% 
Developed 12.91% 20.44% 36.04% 
Rogers 
   
Total Area 51.01% 13.72% 71.73% 
Undeveloped 84.11% -7.92% 69.62% 
Developed 23.98% 40.00% 73.57% 
Springdale 
   
Total Area 5.92% 33.69% 41.61% 
Undeveloped -4.62% 37.69% 31.34% 
Developed 17.30% 30.27% 52.80% 
  
Changes in Land Cover Type 
Table 5.4 shows how the share of land cover types changed across Northwest Arkansas between 
2001 and 2011 (Complete data are available in Appendix E). Low and medium intensity developments, 
which represents your typical single-family home, has been the source of most developed land, followed 
closely by open space developments, which mostly represents controlled green spaces for parks and lawns, 
and lastly high intensity developments, such as apartment complexes and commercial sites. Overall forest 
cover has decreased by approximately ten square-miles while open grassland has increased by 
approximately five square-miles. Other land cover types have stayed fairly consistent with the exception of 




Table 5.4 Percent Share of Land Cover Types in Northwest Arkansas: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2006 2011 
Open Water 2.25% 2.19% 2.26% 
Developed, Open Space 4.11% 4.40% 4.52% 
Developed, Low Intensity 2.38% 2.70% 2.81% 
Developed, Medium Intensity 0.79% 1.17% 1.37% 
Developed, High Intensity 0.30% 0.44% 0.50% 
Barren Land 0.15% 0.26% 0.26% 
Deciduous Forest 44.37% 44.14% 43.85% 
Evergreen Forest 1.04% 1.04% 1.03% 
Mixed Forest 0.39% 0.39% 0.38% 
Shrub/Scrub 0.02% 0.03% 0.04% 
Grassland/Herbaceous 1.25% 1.44% 1.54% 
Pasture/Hay 42.50% 41.35% 41.00% 
Cultivated Crops 0.09% 0.10% 0.08% 
Woody Wetlands 0.34% 0.34% 0.34% 
Emergent Herbaceous Wetlands 0.00% 0.00% 0.00% 
 
 The results for each city’s core urban areas and their expanding areas are presented in Appendix 
E. Bentonville’s CUA has seen the most development occur in the form of medium and high intensity 
developments, which have increased by 95% and 85%, respectively. This represents 1.66 more square 
miles of medium and high intensity land compared to 2001, and a land share increase from 12% to almost 
24%. Pasture and hay cover decreased by 60%, accounting for 1.71 square miles of land. There were also 
small losses of forest cover and an increase in open grassland. The city as a whole largely reflects the 
results of the CUA, though medium intensity has increased land share by a much greater amount than high 
density. Additionally, pasture and grassland cover have increased by several square miles, despite a 
lowering share of land cover overall. 
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 Fayetteville’s CUA has developed similarly to Bentonville’s CUA, though low intensity development 
has increased by 0.2 square miles whereas it was stagnant in Bentonville. Pasture and developed open 
space have undergone the largest losses of land, accounting for 1.55 square miles of land. Fayetteville 
overall has seen increases in every land cover type except emergent herbaceous wetlands, of which there 
has always been very little. The largest areal increases have been in pasture cover, at 3.93 square miles, 
deciduous forest at 2.24 square miles, and medium intensity development at 1.94 square miles. 
 Rogers’ CUA has also mainly experienced growth in medium and high intensity areas, which 
together account for over 16% of land cover, though the majority share is by far low intensity developments, 
at 26.93% of land cover, followed by pasture/hay at 19.43%, down from 24.17% in 2001, and forests at 
17.37%, down from 18.09%. Rogers overall has gained 6.09 square miles of developed land since 2001. 
The only land cover types that have decreased are deciduous forests and pasture, which have dropped by 
0.14 and 1.65 square miles, respectively. 
 Springdale’s CUA has seen the most growth, both in square mileage and in share of land cover, in 
low and medium intensity developments, gaining 0.64 and 1.49 square miles, respectively, though high 
intensity development has also increased by 0.55 square miles. Pastures were the main source of 
developed land, dropping by 2.52 square miles between 2001 and 2011, followed by forests, dropping by 
0.24 square miles. Springdale overall reflects the trends in developed even more strongly. Low and medium 
intensity developments increased city-wide by 3.18 square miles while high intensity developments only 
increased by 0.66 square miles. Despite losses of forest and pasture within the core urban area, the city as 
a whole has gained 4.20 square miles of pasture and 1.24 miles of forests, resulting in less than a half-
percent change in share of land cover since 2001 for both categories. 
 
Sources of Newly Developed Land 
Table 5.5 shows a summary of the primary sources of newly developed land across Benton and 
Washington Counties between 2001 and 2011. A breakdown by city and level of development is available 
in Appendix F. Across all of Northwest Arkansas, pasture and hay are the largest single sources of new 
land developments at all levels of intensity. This holds true for all four cities of study, with the exception of 





Table 5.5 Primary Sources of Developed Land in Northwest Arkansas: 2001-2011 
Land Cover Type Percent Share of Developed Land Sources 
Pasture/Hay 71.18% 
Developed, Open Space 10.81% 
Developed, Low Intensity 6.75% 
Deciduous Forest 3.92% 
All Others 7.34% 
 
Secondary sources of developed land vary by city. Bentonville’s open space and low intensity 
developments were secondarily derived from barren land while medium intensity developments came from 
developed open space. High intensity developments were built atop previously low intensity developments. 
Fayetteville’s secondary sources were barren land for open spaces, open spaces for low and medium 
intensity developments, and an almost equal split between open space and low intensity uses for high 
intensity developments. Rogers had the same pattern as Fayetteville, with the exception that there was a 
small difference in the share of open space and low intensity uses for high intensity developments (18.63% 
vs 15.57%). Springdale’s open spaces were secondarily sourced from barren land, its low and medium 
intensity developments from open space, and its high intensity developments from low intensity 
developments. 
Grouping land cover types by class (Appendix A) shows a different balance in developed land 
sources. Open spaces (Table 5.6.1) are primarily sourced from cultivated land, of which pasture and hay 
accounts for more than 99% of in Northwest Arkansas, and forests, reflecting the regional trends with 
specific land uses. Low intensity development (Table 5.6.2) is sourced similarly to open spaces, though 
with a 5-11% smaller share of cultivated land for each area. Additionally, each city takes a larger share of 
land from developed land (mostly open space) than from forest. This trend of replacing cultivated land 
sources with developed land sources continues with medium (Table 5.6.3) and high (Table 5.6.4) intensity 
uses. Looking at specific development levels (Appendix F) shows that higher development levels are more 
likely to build upon higher levels of already developed land, such as replacing medium intensity 




Table 5.6.1 Primary and Secondary Sources of Developed, Open Space 
Location Land Cover Class Percent Share of Developed Land Sources 
Northwest Arkansas Planted/Cultivated 85.24% 
 
Forest 12.32% 
Bentonville Planted/Cultivated 85.4% 
 
Forest 11.63% 
Fayetteville Planted/Cultivated 80.85% 
 
Forest 15.38% 
Rogers Planted/Cultivated 85.53% 
 
Forest 12.07% 






Table 5.6.2 Primary and Secondary Sources of Developed, Low Intensity Uses 
Location Land Cover Class Percent Share of Developed Land Sources 
Northwest Arkansas Planted/Cultivated 79.03% 
 
Developed 10.70% 
Bentonville Planted/Cultivated 78.96% 
 
Forest 10.02% 
Fayetteville Planted/Cultivated 75.02% 
 
Developed 14.10% 
Rogers Planted/Cultivated 80.65% 
 
Developed 11.84% 







Table 5.6.3 Primary and Secondary Sources of Developed, Medium Intensity Uses 
Location Land Cover Class Percent Share of Developed Land Sources 
Northwest Arkansas Planted/Cultivated 58.41% 
 
Developed 36.29% 
Bentonville Planted/Cultivated 66.47% 
 
Developed 29.35% 
Fayetteville Developed 53.47% 
 
Planted/Cultivated 40.29% 
Rogers Planted/Cultivated 64.81% 
 
Developed 30.65% 







Table 5.6.4 Primary and Secondary Sources of Developed, High Intensity Uses 
Location Land Cover Class Percent Share of Developed Land Sources 
Northwest Arkansas Planted/Cultivated 49.72% 
 
Developed 45.77% 
Bentonville Planted/Cultivated 48.74% 
 
Developed 47.32% 
Fayetteville Developed 65.25% 
 
Planted/Cultivated 27.05% 
Rogers Planted/Cultivated 57.76% 
 
Developed 39.43% 








Corridors of Growth 
 The next part of analyzing urban growth in Northwest Arkansas was to look at land development 
that has occurred within highway corridors. The data are presented in Tables 5.7.1 and 5.7.2. Due to some 
overlap, particularly at highway intersections, some pixels have been counted for multiple highways. 
Since 1992, half of all new development has occurred within a mile of a US highway, with 43% of 
those developments occurring within a mile of I-49/I-540. I-49/I-540 also represents 39% and 38% of all 
highway corridor development at half-mile and quarter-mile levels, respectively. US-71 follows I-540 in 
second for mile and half-mile growth, but represents over half of all new development that has occurred 
within a quarter-mile of a highway. The laterally running highways, US-412 and US-61, represent the 
smallest growth of all highway corridors. 
Within the major cities of Northwest Arkansas, areas near a highway represent some of the most 
intensely developed parts of the city, especially within core urban areas, where land is, on average across 
all cities, up to 72% developed near the highway. This is much greater than the city averages of around, or 
slightly above, 50% seen in previous sections. Additionally, developed areas region-wide have increased 
by 24-31% between 1992 and 2011, which matches the regional average development rate of 30%. Core 










Square Miles of New Land Since 
1992 





(Half-Mile) 15.60 30.20% 




(Half-Mile 6.11 11.82% 




(Half-Mile) 3.27 6.32% 




(Half-Mile) 4.81 9.31% 




(Half-Mile) 2.65 5.13% 












Change in Development Level, 




34.26% 42.71% 24.64% 
(Half-Mile) 27.57% 35.30% 27.96% 
(One Mile) 22.20% 29.10% 31.02% 
Within Major City 
(Quarter-Mile) 
60.66% 67.72% 33.91% 
(Half-Mile) 56.20% 61.95% 38.69% 
(One Mile) 55.17% 58.75% 45.36% 
Within Major City 
CUA 
(Quarter-Mile) 
60.66% 72.19% 19.00% 
(Half-Mile) 56.20% 68.17% 21.28% 
(One Mile) 55.17% 67.37% 22.10% 
 
Centrality 
 Worker flows for 1980 to 2013 are presented in Figure 5.3. Appendix G contains tables with exact 
values. Between 1980 and 1990, both counties saw a 9% drop in residents working outside of these two 
counties, with this shift resulting in approximately an equal increase for each county, regardless of county 
of residence. After this initial drop, worker flows for Benton County remained roughly the same, varying by 
only one or two percent each subsequent polling period. In contrast, Washington County has since seen a 
steady decline in local workers to levels lower than 1980 values, with Benton County accounting for an 
increasing share of work destinations. 
 Figures 5.4.1 and 5.4.2 show the monocentricity of Northwest Arkansas from 1980 to 2014. These 
values represent the slope of the best fit line for each year when plotting city size against its rank. A greater 
value represents a greater level of monocentricity, whereas a value closer to zero represents a greater level 
of polycentricity. Within the four major cities of Northwest Arkansas, the population has been steadily 
spreading out since 1980, when Fayetteville and Springdale housed most of the urban population. The 
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region as a whole has been experiencing monocentric growth at increasing rate, with 2000 marking the 
start of this rapid focus on just a few cities. 
Figure 5.3. Worker Flows: 1980 to 2013 
 
 









 Figures 5.5.1 and 5.5.2 show per capita personal income for 1980 to 2015 for the Fayetteville-
Springdale-Rogers, AR-MO Metropolitan area, normalized to US and Arkansas income levels, respectively 
(see Appendix H for the complete economic data). Though the percentages differ, the overall trend for 
Northwest Arkansas is almost identical when compared to national and state incomes. Benton County is 
experiencing exponential growth, set back by the 2008 recession but fully recovering in only a few years. 
Washington County has been experiencing slowly decreasing relative wages since the late 1980s and early 
1990s. Madison and McDonald have been consistently below state and national average per capita 
incomes, and this lower economic performance has been slowly worsening with McDonald suffering more 
than Madison. 
 Figure 5.6 presents the share of total US retail trade for 1981 to 2007. Benton and Washington 
County are both becoming increasingly significant parts of the US economy, though the growth has been 
much less steady for Washington County, which saw a large dip in retail trade share in 2001. McDonald 




Figure 5.5.1. Per-Capita Personal Income Normalized to US Income 
 
 
Figure 5.5.2. Per-Capita Personal Income Normalized to Arkansas Income 
 
 





 Figure 5.7 presents per capita general merchandise trade for 1985 to 2007, adjusted to 1985 
dollars. In 1999, Benton County experienced more than a doubling merchandise trade dollars over 1997, 
and though trade levels declined afterwards, they did not fall to pre-1999 levels during the time period of 
study. After almost quadrupling merchandise trade from 1985 to 1997, Madison County saw trade drop by 
almost half and then maintain consistent rates of trade afterwards. Washington County experienced growth 
during the same time period and peaked in 2003 at $2.59 in per capita merchandise trade before beginning 
a period of decline. McDonald County dropped from $0.27 per capita in 1987 to $0.05 per capita in 1989, 
a value that has not changed by more than a few cents since. 
 







Northwest Arkansas has been developing land at an increasing rate, with most developed land 
coming from cultivated fields, followed by forest. Even for high intensity developments, such as apartment 
complexes and shopping centers, cultivated fields supplies most of the land on a regional level. These 
results are similar to that of Ji et al (2006), who found non-forest vegetation was the primary source of newly 
developed land. Considering the rural nature of the region, this is to be expected due to an abundance of 
open land. Additionally, most forested land is on or around more mountainous terrain that is unsuitable for 
significant development. 
Extrapolating the growth patterns found in this report, and assuming continued exponential growth, 
I predict that Northwest Arkansas will be 13-14% developed by 2020, accounting for 35 square miles of 
newly developed land since 2011, of which 30 will come from cultivated land. 8 to 9 square miles of this 
land should belong to one of the four major cities of Northwest Arkansas. By 2030, the region could reach 
15-16% developed, having gained 53 more square miles of developed land since 2020. In both of these 
scenarios, most development will be suburbs and single family homes. 
One area of concern regarding city growth, though, is that the cities included in this study have 
been expanding their borders as quickly as they’ve been growing, and therefore maintaining the same level 
of development city-wide. For Bentonville, that’s 46-47% developed, for Fayetteville, 48%, and for Rogers, 
55%. Springdale is the only city that has changed by more than 1%, though it is still in the range of 50%, 
and its level declined between 2001 and 2011. Though there are varying definitions of urban sprawl, 
constant expansion that maintains the same level of development, most of which is low density suburban, 
could make for a good definition at the city level. Furthermore, this is a metric that is fairly easy to quantify 
and update regularly thanks to cities and states increasingly making basic geospatial data available, such 
as administrative boundaries and zoning data, which could potentially substitute for land cover data with 
some personal inspection to verify land use. This doesn’t answer why sprawl occurs, but it does provide for 
a convenient way to monitor it while studying the underlying forces driving it. 
It is evident that US highways have played a significant part in urban development across 
Northwest Arkansas, with half of all new development occurring near one, though it is also telling that the 
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cities of Northwest Arkansas are branching out along other transport corridors, such as Fayetteville’s arms 
following Arkansas Highway 16 or Bentonville’s western expansion along Arkansas Highway 102. As the 
region continues to grow and the population spreads further out, these highways will become an 
increasingly important part of life in Northwest Arkansas, particularly for commuters. The nine-percentage 
point decrease in worker flows to counties other than Benton or Washington between 1980 and 1990 
coincides with the construction of I-540 from Fayetteville to Bentonville, which opened up rapid travel 
between the two counties and bypassed the more heavily urbanized parts of each city it passes. Though 
travel for Benton County residents has mostly stabilized, an increasing number of Washington County 
residents have been choosing to commute to Benton County, perhaps due to its higher wages and more 
consistent economic growth. For regional planners, this could be a concern, as already almost 20% of 
residents don’t work in the county they live in, and additional commuters could further strain road 
infrastructure, which is already undergoing expansion across the region and could have the unintended 
consequence of further encouraging commuting between counties (see Goodwin, 1996, or Hansen and 
Huang, 1997). 
 The monocentricity results show that the population is increasingly focusing within the bounds of 
either Bentonville, Fayetteville, Springdale, or Rogers, and within these cities the population is spreading 
out more evenly. Inspecting population data (Table 6.1)(US Census) shows that between 2000 and 2010, 
Benton County overtook Washington County in population. The population disparity is increasing and is 
reflected in the decreasing monocentric population of the four major cities, which was once focused on 
Fayetteville and neighboring Springdale. Projecting current trends, Rogers may very well overtake 





Table 6.1. Population by City and County 
 
1980 1990 2000 2010 2014 
Benton County 78,115 97,499 153,406 221,339 232,611 
Washington County 100,494 113,409 157,715 203,065 212,238 
Bentonville 8,756 11,257 19,730 35,301 38,572 
Fayetteville 36,608 42,099 58,047 73,580 77,264 
Springdale 23,458 29,941 45,798 69,797 73,789 
Rogers 17,429 24,692 38,829 55,964 58,944 
 
Economically, Benton County has been experiencing fairly smooth, exponential growth in both 
wages and total retail trade since the 1980s, thanks to the several major corporations that are housed there. 
At the same time, Washington County has seen decreasing per capita income, and while retail trade has 
been consistently higher than in Benton County, it has also been much more sporadic, suggesting that its 
economy is more susceptible to market fluctuations than Benton County, which is to be expected 
considering its lower income level. Madison and McDonald County, which have always been smaller both 
in terms of population and economic output, have also been experiencing shrinking incomes relative to 
national and state averages, though their levels of retail trade have remained approximately the same since 
the 1980s. 
 Per capita merchandise trade reveals more about the economies of Northwest Arkansas. While 
Benton County was already seeing some growth in merchandise trade, it more than doubled in 1999, the 
year that Bobby Hopper tunnel, the last remaining part of the Alma to Fayetteville connection via I-540, was 
opened. It is also important to note that the Northwest Arkansas Regional Airport, located in Benton County, 
opened in 1998, which also opened up a new way into the region. After this initial 1999 spike, trade began 
to normalize closer to what would be expected based on original growth trends in the following years. 
Washington County experienced a delayed spike in trade compared to Benton County, and this 
spike was much smaller compared to its previous growth rates. After the spike, it’s trade began to decline 
to levels of that roughly a decade before, though it is difficult to say how permanent of a dip this was due 
both to limited data and to the fluctuating nature of its economy in general. 
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 At the same time Benton County was experiencing a boost in merchandise trade, Madison County 
saw trade drop by almost half after a decade of steady growth, a drop which it has not recovered, or even 
deviated by more than a few cents per capita, from since. McDonald County experienced a drop in 
merchandise trade of roughly 80% in the late 80s and never recovered. Though there is limited data to draw 
conclusions from, this does coincide with the considerable drop in workers commuting outside of Benton 
and Washington County. 
Looking at the merchandise trades of all counties in the metropolitan area, it would appear that, 
consistent with other studies (Carlino and Mills, 1987; Rephann, Terance, and Isserman, 1994; Boarnet, 
1995), the addition of I-540 shifted economic trade to those counties that contained the new highway, while 
those that were outside of it saw drops in trade. Additionally, while there was a spike in Benton and 
Washington County following the connection to Alma, I-540 appears to have had little long term effect on 
the region directly. It is more difficult to measure the indirect effects of the highway, though, and it is possible 
that the highway facilitated the growth that was already on track to occur, and that poor transport 
infrastructure could have prevented the region from reaching its full economic potential. 
 
Local Development 
Bentonville has been undergoing some of the fastest growth in the region, particularly in its western 
half and along US 71 and Arkansas 102. While the city has generally grown denser, it has also more than 
doubling its extent. Much of this new land is empty fields and low density suburban developments along 
Arkansas 12, resulting in an irregular branching from the 1990 core urban area (See Appendix D). While 
neighboring cities and terrain prevent radial growth, this arm off of the city, which is filled with holes of 
unincorporated areas, is several miles in length and, once more developed, could represent a serious strain 
on city services. The core urban area has become almost 70% developed, but much of this is open space 
and low intensity development. Rather than continue to expand its borders and spread out further, 
encouraging higher intensity development within the core urban area could better serve the city, making it 
easier to provide services and creating higher returns from the same amount of land. 
 Fayetteville has also been largely experiencing growth in its western half, especially near I-540 and 
along Arkansas 16, with some development occurring along US 62. Despite representing almost half of the 
city area, the area east of US 71 has seen little change in development. This could be attributed to the 
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rougher terrain in this part of the city, including Mount Sequoyah, whereas the western half of the city is 
much gentler. This seems to reflect development across the whole city, as more hilly terrain stays lightly 
developed while flatter areas are seeing higher intensity growth, and despite the eastern half of the city 
being lightly developed, the rest of the city has been gaining more medium and high intensity development 
than it has low and open space development, particularly in its core urban area, which saw roughly nine 
times more land converted to these higher intensities than its lower intensities, and even saw a decrease 
in open space. The city overall has also seen greater increases in higher intensity developments than it has 
lower intensity developments despite expanding its borders to include more areas of open space. 
 While Rogers has seen some higher intensity development throughout the city, the bulk of its 
development, especially in recent years, has occurred to the southwest along I-49/I-540, which is and was 
mostly flat agricultural land. Though it was the fastest expanding city between 1992 and 2001, it was the 
slowest expanding city between 2001 and 2011. Almost all of its expansion during the 90s was to 
incorporate land around the recently complete I-540. This is also the only land around Rogers that is not 
mountainous nor belongs to another city. Because there is limited room for growth, the city has largely 
slowed down its expansion now that it has access to the highway. Though there was a 10% drop in 
developed land cover in 2001 due to the newly acquired land, in 2011 Rogers was back to being the most 
developed city at almost 56% developed, though it ranks second for CUA development as development 
seems to have skipped over the areas between the city core and the interstate. While these areas are 
further away from the city core that follows US 71, they are in close proximity to the interstate and may see 
more development interest in the coming years. 
 Springdale has experienced growth in all directions, especially along US 412 to the west of the city 
center and Arkansas 265 to the northeast, most likely due to a lack of neighboring mountains that would 
make development difficult. It is the only city out of those studied that experienced an increase in 
development land cover by more than one percentage point, though that number decreased between 2001 
and 2011 thanks to a large expansion to the northwest towards the Northwest Arkansas Regional Airport 
and a smaller expansion to the southeast. Despite the tracts of unused agricultural land, it has the highest 
intensities of development in Northwest Arkansas, with 16% of its land being used for medium or high 
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intensity development, most of which are heavily concentrated around the several highways that run 
through the city. 
 
Limitations and Future Study 
 The overarching limitation of this study is, despite its modernity compared to other similar studies, 
data availability and quality. While 30x30 meter resolution in the National Land Cover Database is sufficient 
for categorizing land, its limited years of availability, and differing methodology between 1992 and 2001, 
limit extrapolation since only a few data points are available. Future study may be able to replicate this one 
without issue, though, as the Multi-Resolution Land Characteristics Consortium, who maintain and update 
the NLCD, plans to standardize and retroactively correct all datasets in the coming years. Similarly, Census 
methodologies and data categories change with each census, but it is possible to find equivalent datasets 
thanks to the American Fact Finder, though it only catalogs data from 2000 and onward, requiring collection 
elsewhere for older datasets. Additionally, some of the data used in this study came from a variety of 
sources because of a lack of data centralization or consistency, particularly pre-2000 data, but as time goes 
on, more data may become available online. This study helps to highlight to importance of thorough data 
collection and centralization as data is useless if it cannot readily be acquired. 
 One area of concern that this study doesn’t touch on is the types of development that exist beyond 
what can is classified in the National Land Cover Database. For instance, higher intensity developments in 
Fayetteville largely represent developments that are smaller in top-down area, but are several stories tall, 
such as apartments and mixed use buildings, whereas this same classification in Springdale largely 
represents single-story buildings, such as strip malls and big box stores, that have a greater top-down area. 
Though these are classified the same way in the NLCD, based purely on the two-dimensional amount of 
developed land in a given area, they represent vastly different uses of land. It is my opinion that strip malls, 
while representing less green space than suburbs, would, for the purposes of studying the urban form, be 
better classified as low intensity development since they represent minimal vertical development. Future 
study could improve upon this methodology by incorporating three-dimensional data, such as a digital 
surface model or oblique imagery, in order to better classify land usage. For instance, use land cover data, 
such as the NLCD, to classify developed and undeveloped areas, but then classify intensity based on the 
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processing of three-dimensional data. This could make a significant difference in results, though it is more 
labor intensive. 
 Additionally, this study does not go into great depth to explain why Northwest Arkansas has 
developed the way it has but instead attempts to address some of the influences and consequences of 
development in the region. Further study could focus on more in-depth economic analysis, a policy review 
of both development and economic environments, and interviews to help learn about the human factor in 
these decisions. Furthermore, a comparative study could shed further light on the relative importance of 





This study quantified and modeled spatial and economic growth in Northwest Arkansas. National 
Land Cover Data was used to create a detailed and descriptive history of spatial development patterns in 
the area since 1992, along with predictions of future growth patterns and concerns for the region. 
Agricultural land has been the primary source of newly developed land, and there is some evidence to 
support the theory that urban sprawl is an intermediate stage of development, as higher intensity developed 
uses will draw upon lower intensity uses in addition to agricultural land. And though agricultural land is 
readily available for conversion into developed uses, more emphasis should be placed on promoting growth 
within current urbanized areas in order to prevent strain on municipal services and to help contain traffic on 
the few corridors that most of the region travels along each day. 
Future study could focus on the vertical dimension of development, which is missing from this study. 
While the data used provide a good overview of two-dimensional development patterns, it doesn’t address 
whether a developed area is one story or three, which is an important component of the urban form. 
Furthermore, focusing on individual cities would allow the necessary time to create land cover 
classifications beyond the dates provided by the NLCD, which could provide an even more comprehensive 
look at development within Northwest Arkansas. 
An economic profile of the region was also created using retail trade, income, and merchandise 
trade for the region beginning in the early 1980s. Benton County, anchored by several major corporations 
such as Walmart, JB Hunt, and Tyson, has experienced consistent exponential growth and is becoming a 
larger part of the US economy, reflected in both its share of total US retail trade and income levels relative 
to state and national averages. The rest of the metropolitan area has not faired as well, though. Washington 
County has seen falling wages, as has Madison and McDonald, and though Washington County currently 
represents a larger share of US retail trade than Benton County, its economy is less stable than Benton’s 
and could be overtaken in the coming years. At the same time, Madison and McDonald County have 
maintained a fairly small, but consistent share of the US economy. 
The impact of transport infrastructure was inspected, both spatially and economically, and though 
I-540/49 has drawn development towards it, it’s economic impact on the region is less certain. There is 
evidence to suggest that as Benton and Washington County residents stopped working in adjacent 
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counties, choosing instead to work within this area as transport infrastructure improved, these counties saw 
a decline in merchandise trade that was never recovered from. Furthermore, when the Alma connection of 
I-540 opened in 1999, there was a significant increase in merchandise trade in Benton County, which 
normalized after a few years, and a permanent drop in trade in neighboring Madison County. Washington 
County saw a smaller, lagged increase, in line with the results of previous studies, and McDonald County 
was relatively unaffected. As seen with previous research, the addition of I-540 seems to have relocated 
and concentrated the economy and population of the Fayetteville-Springdale-Rogers, AR-MO metropolitan 
area into just Benton and Washington County, though the effect was more drastic than has been seen in 
other areas. This could be because the area was already well-urbanized and economically established, but 
lacked high speed, high capacity roadways into and out of the region. 
Research into the economic impact of transport infrastructure is limited, but this study provides 
support for many of the theories that have formed based on what research has been done, such as the 
competition that forms between counties when new infrastructure goes in and the relocation that occurs 
around such infrastructure. It also builds upon earlier works to establish a methodology for monitoring and 
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Appendix A: National Land Cover Database Legend 




Land Cover Type Description 
Water 
  
11 Open Water Areas of open water, generally with <25% vegetation or soil 
cover 
12 Perennial Ice/Snow Areas characterized by a perennial cover of ice and/or snow, 
generally greater than 25% of total cover 
Developed 
  
21 Developed, Open 
Space 
Areas with some mixture of constructed materials, but mostly 
vegetation in the form of lawn grasses. Impervious surfaces 
account for less than 20% of total cover. These areas most 
commonly include large-lot single-family housing units, parks, 
golf courses, and vegetation planted in developed settings for 
recreation, erosion control, or aesthetic purposes. 
22 Developed, Low 
Intensity 
Areas with a mixture of constructed materials and vegetation. 
Impervious surfaces account for 20% to 49% percent of total 
cover. These areas most commonly include single-family 
housing units. 
23 Developed, Medium 
Intensity 
Areas with a mixture of constructed materials and vegetation. 
Impervious surfaces account for 50% to 79% of the total 
cover. These areas most commonly include single-family 
housing units. 
24 Developed, High 
Intensity 
Highly developed areas where people reside or work in high 
numbers. Examples include apartment complexes, row 
houses and commercial/industrial. Impervious surfaces 
account for 80% to 100% of the total cover. 
Barren 
  
31 Barren Land 
(Rock/Sand/Clay) 
Areas of bedrock, desert pavement, scarps, talus, slides, 
volcanic material, glacial debris, sand dunes, strip mines, 
gravel pits and other accumulations of earthen material. 







Table A.1. NLCD Legend for 2001-2011 (cont.) 
Forest 
  
41 Deciduous Forest Areas dominated by trees generally greater than 5 meters 
tall, and greater than 20% of total vegetation cover. More 
than 75% of the tree species shed foliage simultaneously in 
response to seasonal change. 
42 Evergreen Forest Areas dominated by trees generally greater than 5 meters 
tall, and greater than 20% of total vegetation cover. More 
than 75% of the tree species maintain their leaves all year. 
Canopy is never without green foliage. 
43 Mixed Forest Areas dominated by trees generally greater than 5 meters 
tall, and greater than 20% of total vegetation cover. Neither 
deciduous nor evergreen species are greater than 75% of 
total tree cover. 
Shrubland 
  
51 Dwarf Scrub Alaska only areas dominated by shrubs less than 20 
centimeters tall with shrub canopy typically greater than 
20% of total vegetation. This type is often co-associated 
with grasses, sedges, herbs, and non-vascular vegetation. 
52 Shrub/Scrub Areas dominated by shrubs; less than 5 meters tall with 
shrub canopy typically greater than 20% of total vegetation. 
This class includes true shrubs, young trees in an early 




71 Grassland/Herbaceous Areas dominated by gramanoid or herbaceous vegetation, 
generally greater than 80% of total vegetation. These areas 
are not subject to intensive management such as tilling, but 
can be utilized for grazing. 
72 Sedge/Herbaceous Alaska only areas dominated by sedges and forbs, 
generally greater than 80% of total vegetation. This type 
can occur with significant other grasses or other grass like 
plants, and includes sedge tundra, and sedge tussock 
tundra. 
73 Lichens Alaska only areas dominated by fruticose or foliose lichens 
generally greater than 80% of total vegetation. 
74 Moss Alaska only areas dominated by mosses, generally greater 










81 Pasture/Hay Areas of grasses, legumes, or grass-legume mixtures planted 
for livestock grazing or the production of seed or hay crops, 
typically on a perennial cycle. Pasture/hay vegetation 
accounts for greater than 20% of total vegetation. 
82 Cultivated Crops Areas used for the production of annual crops, such as corn, 
soybeans, vegetables, tobacco, and cotton, and also 
perennial woody crops such as orchards and vineyards. Crop 
vegetation accounts for greater than 20% of total vegetation. 
This class also includes all land being actively tilled. 
Wetlands 
  
90 Woody Wetlands Areas where forest or shrubland vegetation accounts for 
greater than 20% of vegetative cover and the soil or substrate 
is periodically saturated with or covered with water. 
95 Emergent Herbaceous 
Wetlands 
Areas where perennial herbaceous vegetation accounts for 
greater than 80% of vegetative cover and the soil or substrate 
is periodically saturated with or covered with water. 





 The 1992-2001 retrofit is a land cover change dataset. It only uses modified Anderson Level I 
classifications. Values 1-8 mean that no change was detected between 1992 and 2001. Values 12-87 
indicate a change in classification between the two years. Because this dataset was only used to study 











0 No Data 
 
1 Open Water All areas of open water, generally with less than 25% vegetation or soil 
cover. Pixels coded to a value of 1 have not changed between 1992 and 
2001. 
2 Urban Includes developed open spaces with a mixture of some constructed 
materials, but mostly vegetation in the form of lawn grasses such as 
large-lot single-family housing units, parks, golf courses, and vegetation 
planted in developed settings for recreation, erosion control, or aesthetic 
purposes. Also included are lands of low, medium, and high intensity with 
a mixture of constructed materials and vegetation, such as single-family 
housing units, multifamily housing units, and areas of retail, commercial, 
and industrial uses. Pixels coded to a value of 2 have not changed 
between 1992 and 2001. 
3 Barren Barren areas of bedrock, desert pavement, scarps, talus, slides, volcanic 
material, glacial debris, sand dunes, strip mines, gravel pits, and other 
accumulations of earthen material. Generally, vegetation accounts for 
less than 15% of total cover. Pixels coded to a value of 3 have not 
changed between 1992 and 2001. 
4 Forest Areas dominated by trees generally taller than 5 meters, and greater than 
20% of total vegetation cover. Includes deciduous forest, evergreen 
forest, and mixed forest. Pixels coded to a value of 4 have not changed 
between 1992 and 2001. 
5 Grassland/Shrub Grassland areas dominated by graminoid or herbaceous vegetation and 
shrub/scrub areas dominated by shrubs less than 5 meters tall with shrub 
canopy typically greater than 20% of total vegetation, including true 
shrubs, young trees in an early successional stage, or trees stunted due 
to harsh environmental conditions. Management techniques that 
associate soil, water, and forage-vegetation resources are more suitable 
for rangeland management than are practices generally used in 
managing pastureland. Some rangelands have been or may be seeded 
to introduced or domesticated plant species. Includes those areas in the 
Eastern United States that commonly are called brush lands. Pixels 
coded to a value of 5 have not changed between 1992 and 2001 
(Anderson et al., 1976). 
6 Agriculture Cultivated crops and pasture/hay - Cultivated crops are described as 
areas used for the production of annual crops, such as corn, soybeans, 
vegetables, tobacco, and cotton, and also perennial woody crops such as 
orchards and vineyards. This class also includes all actively tilled land. 
Pasture/Hay is described as grasses, legumes, or grass-legume mixtures 
planted for livestock grazing or the production of seed or hay crops, 
typically on a perennial cycle. Pixels coded to a value of 6 have not 




Table A.2. NLCD Legend for 1992 Retrofit (cont.) 
7 Wetlands Woody wetlands and herbaceous wetlands - Areas where forest or 
shrubland vegetation accounts for greater than 20 percent of vegetative 
cover and the soil or substrate is periodically saturated with or covered 
with water. This class also includes areas where perennial herbaceous 
vegetation accounts for greater than 80 percent of vegetative cover and 
the soil or substrate is periodically saturated with or covered with water. 
Pixels coded to a value of 7 have not changed between 1992 and 2001. 
8 Ice/Snow All areas characterized by a perennial cover of ice and/or snow, 
generally greater than 25% of total cover. Pixels coded to a value of 8 
have not changed between 1992 and 2001. 




Appendix B: National Land Cover Database Comparisons 
This section provides comparison images of Landsat imagery and the associated National Land Cover 
Database land cover classifications for the 1992 retrofit, 2001, 2006, and 2011 across Northwest Arkansas. 















Appendix C: Land Cover Reclassification 
This section provides comparison images of Landsat imagery to the reclassified developed land cover for 
the 1992 retrofit, 2001, 2006, and 2011 across Northwest Arkansas. The comparison maps follow on the 















Appendix D: Land Cover Time Series 











Appendix E: Land Cover Types in Northwest Arkansas Over Time 
 
1. Regional Changes in Land Cover Types 
Table E.1.1 Land Cover Types in Northwest Arkansas: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2006 2011 2001 to 2011 Change 
Open Water 41.36 40.26 41.53 0.17 
Developed, Open Space 75.62 81.01 83.23 7.61 
Developed, Low Intensity 43.86 49.70 51.76 7.90 
Developed, Medium Intensity 14.51 21.57 25.29 10.78 
Developed, High Intensity 5.58 8.15 9.22 3.64 
Barren Land 2.71 4.78 4.78 2.07 
Deciduous Forest 816.54 812.34 806.90 -9.64 
Evergreen Forest 19.18 19.07 18.93 -0.25 
Mixed Forest 7.17 7.12 7.07 -0.10 
Shrub/Scrub 0.42 0.59 0.76 0.34 
Grassland/ 
Herbaceous 
23.04 26.51 28.33 5.29 
Pasture/Hay 782.09 760.95 754.48 -27.61 
Cultivated Crops 1.72 1.76 1.54 -0.18 
Woody Wetlands 6.32 6.30 6.29 -0.03 





Table E.1.2 Percent Share of Land Cover Types in Northwest Arkansas: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2006 2011 
Open Water 2.25% 2.19% 2.26% 
Developed, Open Space 4.11% 4.40% 4.52% 
Developed, Low Intensity 2.38% 2.70% 2.81% 
Developed, Medium Intensity 0.79% 1.17% 1.37% 
Developed, High Intensity 0.30% 0.44% 0.50% 
Barren Land 0.15% 0.26% 0.26% 
Deciduous Forest 44.37% 44.14% 43.85% 
Evergreen Forest 1.04% 1.04% 1.03% 
Mixed Forest 0.39% 0.39% 0.38% 
Shrub/Scrub 0.02% 0.03% 0.04% 
Grassland/Herbaceous 1.25% 1.44% 1.54% 
Pasture/Hay 42.50% 41.35% 41.00% 
Cultivated Crops 0.09% 0.10% 0.08% 
Woody Wetlands 0.34% 0.34% 0.34% 





Table E.1.3 Change in Land Cover Types in Northwest Arkansas: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2006 2006 to 2011 2001 to 2011 
Open Water -2.65% 3.16% 0.42% 
Developed, Open Space 7.13% 2.74% 10.07% 
Developed, Low Intensity 13.33% 4.13% 18.00% 
Developed, Medium Intensity 48.65% 17.20% 74.22% 
Developed, High Intensity 45.99% 13.07% 65.07% 
Barren Land 76.48% 0.07% 76.60% 
Deciduous Forest -0.51% -0.67% -1.18% 
Evergreen Forest -0.55% -0.72% -1.26% 
Mixed Forest -0.71% -0.62% -1.33% 
Shrub/Scrub 41.06% 28.23% 80.88% 
Grassland/Herbaceous 15.04% 6.90% 22.98% 
Pasture/Hay -2.70% -0.85% -3.53% 
Cultivated Crops 2.14% -12.05% -10.17% 
Woody Wetlands -0.36% -0.12% -0.48% 





2. Changes in Land Cover Types - Bentonville CUA 
Table E.2.1 Land Cover Types in Bentonville’s CUA: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2006 2011 2001 to 2011 Change 
Open Water 0.03 0.03 0.03 0.00 
Developed, Open Space 2.42 2.29 2.40 -0.02 
Developed, Low Intensity 3.53 3.76 3.88 0.35 
Developed, Medium Intensity 1.18 1.95 2.30 1.12 
Developed, High Intensity 0.63 1.06 1.17 0.54 
Barren Land 0.02 0.01 0.01 -0.01 
Deciduous Forest 2.39 2.28 2.14 -0.25 
Evergreen Forest 0.02 0.02 0.01 -0.01 
Mixed Forest 0.02 0.02 0.02 0.00 
Shrub/Scrub 0.00 0.00 0.00 0.00 
Grassland/ 
Herbaceous 
0.04 0.08 0.07 0.03 
Pasture/Hay 4.31 3.11 2.60 -1.71 
Cultivated Crops 0.05 0.04 0.03 -0.02 
Woody Wetlands 0.02 0.01 0.01 -0.01 





Table E.2.2 Percent Share of Land Cover Types in Bentonville’s CUA: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2006 2011 
Open Water 0.23% 0.22% 0.22% 
Developed, Open Space 16.50% 15.62% 16.34% 
Developed, Low Intensity 24.10% 25.68% 26.50% 
Developed, Medium Intensity 8.05% 13.30% 15.66% 
Developed, High Intensity 4.32% 7.21% 7.98% 
Barren Land 0.11% 0.06% 0.05% 
Deciduous Forest 16.31% 15.55% 14.58% 
Evergreen Forest 0.11% 0.12% 0.04% 
Mixed Forest 0.11% 0.11% 0.11% 
Shrub/Scrub 0.01% 0.01% 0.01% 
Grassland/Herbaceous 0.25% 0.54% 0.45% 
Pasture/Hay 29.42% 21.19% 17.73% 
Cultivated Crops 0.36% 0.28% 0.22% 
Woody Wetlands 0.11% 0.10% 0.10% 





Table E.2.3 Change in Land Cover Types in Bentonville’s CUA: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2006 2006 to 2011 2001 to 2011 
Open Water -1.05% -1.06% -2.11% 
Developed, Open Space -5.35% 4.65% -0.95% 
Developed, Low Intensity 6.56% 3.19% 9.96% 
Developed, Medium Intensity 65.15% 17.74% 94.44% 
Developed, High Intensity 66.96% 10.68% 84.80% 
Barren Land -42.55% -18.52% -53.19% 
Deciduous Forest -4.71% -6.19% -10.61% 
Evergreen Forest 4.17% -68.00% -66.67% 
Mixed Forest 0.00% 2.13% 2.13% 
Shrub/Scrub 0.00% 0.00% 0.00% 
Grassland/Herbaceous 114.15% -16.30% 79.25% 
Pasture/Hay -27.96% -16.34% -39.74% 
Cultivated Crops -20.53% -22.50% -38.41% 
Woody Wetlands -10.42% -4.65% -14.58% 





3. Changes in Land Cover Types - Bentonville 
Table E.3.1 Land Cover Types in Bentonville: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2011 2001 to 2011 Change 
Open Water 0.04 0.07 0.03 
Developed, Open Space 2.85 4.22 1.37 
Developed, Low Intensity 3.94 5.47 1.53 
Developed, Medium Intensity 1.24 3.22 1.98 
Developed, High Intensity 0.72 1.34 0.62 
Barren Land 0.03 0.01 -0.02 
Deciduous Forest 3.67 4.85 1.18 
Evergreen Forest 0.02 0.01 -0.01 
Mixed Forest 0.02 0.03 0.01 
Shrub/Scrub 0.00 0.00 0.00 
Grassland/Herbaceous 0.07 0.19 0.12 
Pasture/Hay 8.94 12.15 3.21 
Cultivated Crops 0.13 0.10 -0.03 
Woody Wetlands 0.02 0.05 0.03 





Table E.3.2 Percent Share of Land Cover Types in Bentonville: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2011 
Open Water 0.16% 0.22% 
Developed, Open Space 13.14% 13.30% 
Developed, Low Intensity 18.16% 17.24% 
Developed, Medium Intensity 5.72% 10.16% 
Developed, High Intensity 3.32% 4.23% 
Barren Land 0.13% 0.04% 
Deciduous Forest 16.95% 15.29% 
Evergreen Forest 0.08% 0.03% 
Mixed Forest 0.09% 0.09% 
Shrub/Scrub 0.01% 0.01% 
Grassland/Herbaceous 0.34% 0.59% 
Pasture/Hay 41.22% 38.33% 
Cultivated Crops 0.60% 0.32% 
Woody Wetlands 0.08% 0.14% 





Table E.3.3 Change in Land Cover Types in Bentonville: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2011 
Open Water 102.97% 
Developed, Open Space 48.07% 
Developed, Low Intensity 38.83% 
Developed, Medium Intensity 159.65% 
Developed, High Intensity 86.37% 
Barren Land -61.90% 
Deciduous Forest 31.98% 
Evergreen Forest -37.50% 




Cultivated Crops -22.04% 
Woody Wetlands 153.85% 





4. Changes in Land Cover Types - Fayetteville CUA 
Table E.4.1 Land Cover Types in Fayetteville’s CUA: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2006 2011 2001 to 2011 Change 
Open Water 0.89 0.89 0.89 0.00 
Developed, Open Space 8.14 7.77 7.72 -0.42 
Developed, Low Intensity 8.09 8.26 8.29 0.20 
Developed, Medium Intensity 2.66 3.47 4.00 1.34 
Developed, High Intensity 1.12 1.39 1.56 0.44 
Barren Land 0.05 0.05 0.02 -0.03 
Deciduous Forest 10.33 10.20 10.00 -0.33 
Evergreen Forest 0.24 0.24 0.24 0.00 
Mixed Forest 0.23 0.22 0.23 0.00 
Shrub/Scrub 0.00 0.00 0.00 0.00 
Grassland/Herbaceous 0.22 0.22 0.22 0.00 
Pasture/Hay 8.67 7.97 7.54 -1.13 
Cultivated Crops 0.06 0.03 0.02 -0.04 
Woody Wetlands 0.61 0.61 0.61 0.00 





Table E.4.2 Percent Share of Land Cover Types in Fayetteville’s CUA: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2006 2011 
Open Water 2.15% 2.15% 2.15% 
Developed, Open Space 19.68% 18.80% 18.66% 
Developed, Low Intensity 19.58% 19.97% 20.04% 
Developed, Medium Intensity 6.44% 8.39% 9.68% 
Developed, High Intensity 2.70% 3.37% 3.78% 
Barren Land 0.11% 0.12% 0.05% 
Deciduous Forest 24.99% 24.66% 24.18% 
Evergreen Forest 0.59% 0.58% 0.57% 
Mixed Forest 0.55% 0.54% 0.55% 
Shrub/Scrub 0.00% 0.00% 0.00% 
Grassland/Herbaceous 0.54% 0.54% 0.54% 
Pasture/Hay 20.98% 19.28% 18.22% 
Cultivated Crops 0.15% 0.07% 0.04% 
Woody Wetlands 1.48% 1.47% 1.47% 





Table E.4.3 Change in Land Cover Types in Fayetteville’s CUA: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2006 2006 to 2011 2001 to 2011 
Open Water 0.00% 0.00% 0.00% 
Developed, Open Space -4.48% -0.75% -5.20% 
Developed, Low Intensity 2.00% 0.36% 2.37% 
Developed, Medium Intensity 30.33% 15.42% 50.42% 
Developed, High Intensity 24.76% 12.16% 39.93% 
Barren Land 8.89% -57.82% -54.07% 
Deciduous Forest -1.33% -1.95% -3.25% 
Evergreen Forest -1.85% -1.59% -3.41% 
Mixed Forest -1.07% 1.55% 0.46% 
Shrub/Scrub 0.00% 0.00% 0.00% 
Grassland/Herbaceous -1.39% 1.10% -0.31% 
Pasture/Hay -8.10% -5.46% -13.12% 
Cultivated Crops -49.13% -48.86% -73.99% 
Woody Wetlands -0.91% 0.06% -0.85% 





5. Changes in Land Cover Types - Fayetteville 
Table E.5.1 Land Cover Types in Fayetteville: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2011 2001 to 2011 Change 
Open Water 0.90 0.97 0.07 
Developed, Open Space 8.46 9.25 0.79 
Developed, Low Intensity 8.64 9.71 1.07 
Developed, Medium Intensity 2.73 4.57 1.84 
Developed, High Intensity 1.12 1.60 0.48 
Barren Land 0.05 0.07 0.02 
Deciduous Forest 10.69 12.93 2.24 
Evergreen Forest 0.25 0.24 -0.01 
Mixed Forest 0.28 0.30 0.02 
Shrub/Scrub 0.00 0.02 0.02 
Grassland/Herbaceous 0.22 0.29 0.07 
Pasture/Hay 10.58 14.51 3.93 
Cultivated Crops 0.06 0.08 0.02 
Woody Wetlands 0.63 0.65 0.02 





Table E.5.2 Percent Share of Land Cover Types in Fayetteville: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2011 
Open Water 2.01% 1.76% 
Developed, Open Space 18.95% 16.75% 
Developed, Low Intensity 19.37% 17.58% 
Developed, Medium Intensity 6.12% 8.28% 
Developed, High Intensity 2.52% 2.90% 
Barren Land 0.11% 0.13% 
Deciduous Forest 23.94% 23.41% 
Evergreen Forest 0.56% 0.44% 
Mixed Forest 0.62% 0.55% 
Shrub/Scrub 0.00% 0.04% 
Grassland/Herbaceous 0.50% 0.53% 
Pasture/Hay 23.71% 26.27% 
Cultivated Crops 0.13% 0.14% 
Woody Wetlands 1.41% 1.18% 





Table E.5.3 Change in Land Cover Types in Fayetteville: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2011 
Open Water 8.49% 
Developed, Open Space 9.42% 
Developed, Low Intensity 12.33% 
Developed, Medium Intensity 67.46% 
Developed, High Intensity 42.43% 
Barren Land 50.37% 
Deciduous Forest 21.00% 
Evergreen Forest -2.81% 




Cultivated Crops 34.34% 
Woody Wetlands 3.64% 






6. Changes in Land Cover Types - Rogers CUA 
Table E.6.1 Land Cover Types in Rogers’ CUA: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2006 2011 2001 to 2011 Change 
Open Water 0.06 0.06 0.06 0.00 
Developed, Open Space 4.16 4.10 4.05 -0.11 
Developed, Low Intensity 5.87 5.91 6.00 0.13 
Developed, Medium Intensity 1.69 2.19 2.47 0.78 
Developed, High Intensity 0.80 1.03 1.11 0.31 
Barren Land 0.00 0.17 0.11 0.11 
Deciduous Forest 3.98 3.89 3.83 -0.15 
Evergreen Forest 0.02 0.01 0.01 -0.01 
Mixed Forest 0.03 0.03 0.03 0.00 
Shrub/Scrub 0.01 0.01 0.02 0.01 
Grassland/Herbaceous 0.15 0.15 0.19 0.04 
Pasture/Hay 5.38 4.61 4.33 -1.05 
Cultivated Crops 0.09 0.09 0.05 -0.04 
Woody Wetlands 0.02 0.02 0.02 0.00 





Table E.6.2 Percent Share of Land Cover Types in Rogers’ CUA: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2006 2011 
Open Water 0.26% 0.27% 0.27% 
Developed, Open Space 18.69% 18.42% 18.18% 
Developed, Low Intensity 26.37% 26.56% 26.93% 
Developed, Medium Intensity 7.57% 9.82% 11.10% 
Developed, High Intensity 3.61% 4.62% 4.99% 
Barren Land 0.02% 0.76% 0.51% 
Deciduous Forest 17.89% 17.48% 17.19% 
Evergreen Forest 0.07% 0.06% 0.06% 
Mixed Forest 0.13% 0.12% 0.12% 
Shrub/Scrub 0.06% 0.06% 0.11% 
Grassland/Herbaceous 0.67% 0.67% 0.85% 
Pasture/Hay 24.17% 20.70% 19.43% 
Cultivated Crops 0.41% 0.39% 0.21% 
Woody Wetlands 0.07% 0.07% 0.07% 





Table E.6.3 Change in Land Cover Types in Rogers’ CUA: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2006 2006 to 2011 2001 to 2011 
Open Water 1.18% 0.00% 1.18% 
Developed, Open Space -1.42% -1.34% -2.74% 
Developed, Low Intensity 0.69% 1.41% 2.11% 
Developed, Medium Intensity 29.63% 13.02% 46.50% 
Developed, High Intensity 27.89% 7.90% 38.00% 
Barren Land 4,336.36% -33.61% 2,845.45% 
Deciduous Forest -2.29% -1.63% -3.88% 
Evergreen Forest -12.77% 0.00% -12.77% 
Mixed Forest -4.94% -1.30% -6.17% 
Shrub/Scrub -2.44% 77.50% 73.17% 
Grassland/Herbaceous 0.23% 27.10% 27.40% 
Pasture/Hay -14.35% -6.17% -19.63% 
Cultivated Crops -3.83% -47.01% -49.04% 
Woody Wetlands -8.33% 2.27% -6.25% 





7. Changes in Land Cover Types - Rogers 
Table E.7.1 Land Cover Types in Rogers: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2011 2001 to 2011 Change 
Open Water 0.08 0.08 0.00 
Developed, Open Space 4.89 6.25 1.36 
Developed, Low Intensity 6.69 8.29 1.60 
Developed, Medium Intensity 1.85 4.15 2.30 
Developed, High Intensity 0.85 1.68 0.83 
Barren Land 0.01 0.26 0.25 
Deciduous Forest 5.00 4.86 -0.14 
Evergreen Forest 0.02 0.04 0.02 
Mixed Forest 0.04 0.05 0.01 
Shrub/Scrub 0.01 0.02 0.01 
Grassland/Herbaceous 0.15 0.22 0.07 
Pasture/Hay 13.87 12.21 -1.65 
Cultivated Crops 0.10 0.06 -0.04 
Woody Wetlands 0.03 0.05 0.02 





Table E.7.2 Percent Share of Land Cover Types in Rogers: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2011 
Open Water 0.24% 0.21% 
Developed, Open Space 14.55% 16.36% 
Developed, Low Intensity 19.93% 21.68% 
Developed, Medium Intensity 5.49% 10.86% 
Developed, High Intensity 2.53% 4.39% 
Barren Land 0.02% 0.69% 
Deciduous Forest 14.89% 12.73% 
Evergreen Forest 0.06% 0.10% 
Mixed Forest 0.12% 0.12% 
Shrub/Scrub 0.04% 0.06% 
Grassland/Herbaceous 0.44% 0.57% 
Pasture/Hay 41.28% 31.96% 
Cultivated Crops 0.31% 0.15% 
Woody Wetlands 0.09% 0.12% 





Table E.7.3 Change in Land Cover Types in Rogers: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2011 
Open Water -1.29% 
Developed, Open Space 27.88% 
Developed, Low Intensity 23.76% 
Developed, Medium Intensity 124.84% 
Developed, High Intensity 97.54% 
Barren Land 4973.33% 
Deciduous Forest -2.76% 
Evergreen Forest 90.00% 




Cultivated Crops -44.97% 
Woody Wetlands 44.44% 





8. Changes in Land Cover Types - Springdale CUA 
Table E.8.1 Land Cover Types in Springdale’s CUA: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2006 2011 2001 to 2011 Change 
Open Water 0.02 0.02 0.02 0.00 
Developed, Open Space 3.60 3.55 3.66 0.06 
Developed, Low Intensity 7.56 8.07 8.20 0.64 
Developed, Medium Intensity 2.79 3.85 4.28 1.49 
Developed, High Intensity 1.43 1.80 1.98 0.55 
Barren Land 0.08 0.15 0.10 0.02 
Deciduous Forest 2.43 2.28 2.22 -0.21 
Evergreen Forest 0.04 0.01 0.01 -0.03 
Mixed Forest 0.03 0.03 0.03 0.00 
Shrub/Scrub 0.00 0.00 0.00 0.00 
Grassland/Herbaceous 0.03 0.02 0.04 0.01 
Pasture/Hay 11.66 9.89 9.14 -2.52 
Cultivated Crops 0.03 0.03 0.01 -0.02 
Woody Wetlands 0.01 0.01 0.01 0.00 





Table E.8.2 Percent Share of Land Cover Types in Springdale’s CUA: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2006 2011 
Open Water 0.06% 0.06% 0.06% 
Developed, Open Space 12.13% 11.94% 12.34% 
Developed, Low Intensity 25.45% 27.17% 27.61% 
Developed, Medium Intensity 9.39% 12.95% 14.40% 
Developed, High Intensity 4.82% 6.05% 6.67% 
Barren Land 0.27% 0.49% 0.33% 
Deciduous Forest 8.16% 7.67% 7.48% 
Evergreen Forest 0.12% 0.05% 0.04% 
Mixed Forest 0.10% 0.09% 0.09% 
Shrub/Scrub 0.00% 0.00% 0.00% 
Grassland/Herbaceous 0.10% 0.08% 0.14% 
Pasture/Hay 39.25% 33.30% 30.76% 
Cultivated Crops 0.10% 0.10% 0.03% 
Woody Wetlands 0.04% 0.04% 0.04% 





Table E.8.3 Change in Land Cover Types in Springdale’s CUA: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2006 2006 to 2011 2001 to 2011 
Open Water 0.00% -1.82% -1.82% 
Developed, Open Space -1.49% 3.27% 1.73% 
Developed, Low Intensity 6.75% 1.62% 8.48% 
Developed, Medium Intensity 37.99% 11.19% 53.43% 
Developed, High Intensity 25.42% 10.35% 38.39% 
Barren Land 79.83% -31.98% 22.32% 
Deciduous Forest -6.10% -2.47% -8.42% 
Evergreen Forest -62.14% -12.82% -66.99% 
Mixed Forest -5.81% -3.70% -9.30% 
Shrub/Scrub 0.00% 0.00% 0.00% 
Grassland/Herbaceous -22.35% 78.79% 38.82% 
Pasture/Hay -15.15% -7.63% -21.63% 
Cultivated Crops 1.18% -66.28% -65.88% 
Woody Wetlands 2.78% 0.00% 2.78% 





9. Changes in Land Cover Types - Springdale 
Table E.9.1 Land Cover Types in Springdale: 2001 to 2011 
Land Cover Type 
(Square Miles) 
2001 2011 2001 to 2011 Change 
Open Water 0.02 0.02 0.00 
Developed, Open Space 3.66 4.70 1.04 
Developed, Low Intensity 7.93 9.13 1.20 
Developed, Medium Intensity 2.84 4.82 1.98 
Developed, High Intensity 1.44 2.10 0.66 
Barren Land 0.08 0.36 0.28 
Deciduous Forest 2.73 3.98 1.25 
Evergreen Forest 0.04 0.03 -0.01 
Mixed Forest 0.04 0.04 0.00 
Shrub/Scrub 0.00 0.00 0.00 
Grassland/Herbaceous 0.03 0.07 0.04 
Pasture/Hay 12.63 16.83 4.20 
Cultivated Crops 0.03 0.01 -0.02 
Woody Wetlands 0.01 0.02 0.01 





Table E.9.2 Percent Share of Land Cover Types in Springdale: 2001 to 2011 
Land Cover Type 
(Percent of Total Land Cover) 
2001 2011 
Open Water 0.06% 0.04% 
Developed, Open Space 11.64% 11.17% 
Developed, Low Intensity 25.20% 21.69% 
Developed, Medium Intensity 9.01% 11.44% 
Developed, High Intensity 4.56% 4.98% 
Barren Land 0.26% 0.85% 
Deciduous Forest 8.66% 9.46% 
Evergreen Forest 0.13% 0.06% 
Mixed Forest 0.12% 0.09% 
Shrub/Scrub 0.00% 0.00% 
Grassland/Herbaceous 0.10% 0.16% 
Pasture/Hay 40.12% 39.99% 
Cultivated Crops 0.09% 0.02% 
Woody Wetlands 0.05% 0.04% 





Table E.9.3 Change in Land Cover Types in Springdale: 2001 to 2011 
Land Cover Type 
(Percent Change) 
2001 to 2011 
Open Water -1.82% 
Developed, Open Space 28.22% 
Developed, Low Intensity 15.11% 
Developed, Medium Intensity 69.82% 
Developed, High Intensity 46.17% 
Barren Land 335.86% 
Deciduous Forest 46.02% 
Evergreen Forest -33.33% 




Cultivated Crops -65.88% 
Woody Wetlands 4.65% 





Appendix F: Sources of Newly Developed Land 
 
1. Northwest Arkansas 
Table F.1.1. Developed Land Sources, Northwest Arkansas: Developed, Open Space 
Classification Square Miles % Share of Sources 
Open Water 0.01 0.05% 
Developed, Low Intensity 0.18 1.54% 
Developed, Medium Intensity 0.01 0.10% 
Developed, High Intensity <0.01 <0.01% 
Barren Land 0.01 0.09% 
Deciduous Forest 1.40 11.87% 
Evergreen Forest 0.03 0.28% 
Mixed Forest 0.02 0.17% 
Shrub/Scrub 0.01 0.06% 
Grassland/Herbaceous 0.05 0.40% 
Pasture/Hay 9.97 84.75% 
Cultivated Crops 0.06 0.49% 





Table F.1.2. Developed Land Sources, Northwest Arkansas: Developed, Low Intensity 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.03% 
Developed, Open Space 1.02 9.76% 
Developed, Medium Intensity 0.09 0.87% 
Developed, High Intensity 0.01 0.07% 
Barren Land 0.04 0.35% 
Deciduous Forest 0.89 8.54% 
Evergreen Forest 0.03 0.30% 
Mixed Forest 0.01 0.11% 
Shrub/Scrub <0.01 0.01% 
Grassland/Herbaceous 0.09 0.88% 
Pasture/Hay 8.18 78.30% 
Cultivated Crops 0.08 0.73% 





Table F.1.3. Developed Land Sources, Northwest Arkansas: Developed, Medium Intensity 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.01% 
Developed, Open Space 2.27 20.26% 
Developed, Low Intensity 1.65 14.71% 
Developed, High Intensity 0.15 1.32% 
Barren Land 0.10 0.92% 
Deciduous Forest 0.45 4.02% 
Evergreen Forest 0.01 0.09% 
Mixed Forest <0.01 0.04% 
Shrub/Scrub <0.01 0.02% 
Grassland/Herbaceous 0.02 0.18% 
Pasture/Hay 6.49 57.92% 
Cultivated Crops 0.06 0.49% 





Table F.1.4. Developed Land Sources, Northwest Arkansas: Developed, High Intensity 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.01% 
Developed, Open Space 0.73 19.34% 
Developed, Low Intensity 0.68 17.98% 
Developed, Medium Intensity 0.32 8.45% 
Barren Land 0.04 1.09% 
Deciduous Forest 0.11 3.03% 
Evergreen Forest 0.01 0.28% 
Grassland/Herbaceous <0.01 0.04% 
Pasture/Hay 1.84 48.67% 
Cultivated Crops 0.04 1.05% 






Table F.2.1. Developed Land Sources, Bentonville: Developed, Open Space 
Classification Square Miles % Share of Sources 
Developed, Low Intensity 0.03 1.72% 
Developed, Medium Intensity <0.01 0.04% 
Barren Land <0.01 0.29% 
Deciduous Forest 0.19 11.37% 
Evergreen Forest <0.01 0.12% 
Mixed Forest <0.01 0.14% 
Grassland/Herbaceous 0.01 0.87% 
Pasture/Hay 1.43 85.01% 
Cultivated Crops 0.01 0.39% 






Table F.2.2. Developed Land Sources, Bentonville: Developed, Low Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.16 8.83% 
Developed, Medium Intensity 0.01 0.82% 
Developed, High Intensity <0.01 0.10% 
Barren Land <0.01 0.10% 
Deciduous Forest 0.18 9.74% 
Evergreen Forest <0.01 0.10% 
Mixed Forest <0.01 0.17% 
Grassland/Herbaceous 0.02 1.20% 
Pasture/Hay 1.43 78.10% 






Table F.2.3. Developed Land Sources, Bentonville: Developed, Medium Intensity 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.02% 
Developed, Open Space 0.33 16.57% 
Developed, Low Intensity 0.24 11.81% 
Developed, High Intensity 0.02 0.97% 
Barren Land 0.01 0.66% 
Deciduous Forest 0.07 3.30% 
Evergreen Forest <0.01 0.14% 
Mixed Forest <0.01 0.02% 
Grassland/Herbaceous <0.01 0.05% 
Pasture/Hay 1.33 66.19% 






Table F.2.4. Developed Land Sources, Bentonville: Developed, High Intensity 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.05% 
Developed, Open Space 0.12 18.92% 
Developed, Low Intensity 0.13 20.28% 
Developed, Medium Intensity 0.05 8.12% 
Deciduous Forest 0.02 2.56% 
Evergreen Forest 0.01 1.04% 
Pasture/Hay 0.31 48.69% 
Cultivated Crops <0.01 0.05% 






Table F.3.1.  Developed Land Sources, Fayetteville: Developed, Open Space 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.11% 
Developed, Low Intensity 0.03 2.50% 
Developed, Medium Intensity <0.01 0.11% 
Barren Land <0.01 0.18% 
Deciduous Forest 0.19 14.38% 
Evergreen Forest <0.01 0.26% 
Mixed Forest .01 0.74% 
Grassland/Herbaceous <0.01 0.21% 
Pasture/Hay 1.06 80.09% 
Cultivated Crops 0.01 0.76% 





Table F.3.2. Developed Land Sources, Fayetteville: Developed, Low Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.20 13.16% 
Developed, Medium Intensity 0.01 0.89% 
Developed, High Intensity <0.01 0.05% 
Barren Land 0.02 1.12% 
Deciduous Forest 0.14 9.09% 
Evergreen Forest <0.01 0.14% 
Mixed Forest <0.01 0.11% 
Grassland/Herbaceous <0.01 0.32% 
Pasture/Hay 1.12 73.70% 
Cultivated Crops 0.02 1.32% 





Table F.3.3. Developed Land Sources, Fayetteville: Developed, Medium Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.57 30.60% 
Developed, Low Intensity 0.39 21.05% 
Developed, High Intensity 0.03 1.82% 
Barren Land 0.01 0.73% 
Deciduous Forest 0.10 5.30% 
Evergreen Forest <0.01 0.06% 
Mixed Forest <0.01 0.06% 
Pasture/Hay 0.74 39.42% 
Cultivated Crops 0.02 0.87% 






Table F.3.4. Developed Land Sources, Fayetteville: Developed, High Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.14 26.91% 
Developed, Low Intensity 0.13 26.57% 
Developed, Medium Intensity 0.06 11.77% 
Barren Land 0.01 2.06% 
Deciduous Forest 0.02 4.82% 
Evergreen Forest <0.01 0.83% 
Pasture/Hay 0.13 25.88% 






Table F.4.1 2001 to 2011 Developed Land Sources: Developed, Open Space 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.08% 
Developed, Low Intensity 0.03 1.85% 
Developed, Medium Intensity <0.01 0.22% 
Developed, High Intensity <0.01 0.02% 
Deciduous Forest 0.21 11.87% 
Evergreen Forest <0.01 0.16% 
Mixed Forest <0.01 0.04% 
Shrub/Scrub <0.01 0.02% 
Grassland/Herbaceous <0.01 0.14% 
Pasture/Hay 1.49 84.84% 
Cultivated Crops 0.01 0.69% 






Table F.4.2 2001 to 2011 Developed Land Sources: Developed, Low Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.20 10.88% 
Developed, Medium Intensity 0.02 0.87% 
Developed, High Intensity <0.01 0.09% 
Barren Land <0.01 0.15% 
Deciduous Forest 0.13 7.09% 
Evergreen Forest <0.01 0.09% 
Mixed Forest <0.01 0.17% 
Pasture/Hay 1.48 80.40% 





Table F.4.3 2001 to 2011 Developed Land Sources: Developed, Medium Intensity 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.01% 
Developed, Open Space 0.41 17.70% 
Developed, Low Intensity 0.28 12.03% 
Developed, High Intensity 0.02 0.92% 
Barren Land <0.01 0.04% 
Deciduous Forest 0.10 4.35% 
Evergreen Forest <0.01 0.09% 
Mixed Forest <0.01 0.04% 
Pasture/Hay 1.50 64.21% 






Table F.4.4 2001 to 2011 Developed Land Sources: Developed, High Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.15 18.63% 
Developed, Low Intensity 0.13 15.57% 
Developed, Medium Intensity 0.04 5.23% 
Deciduous Forest 0.02 2.80% 
Pasture/Hay 0.47 56.13% 







Table F.5.1 2001 to 2011 Developed Land Sources: Developed, Open Space 
Classification Square Miles % Share of Sources 
Developed, Low Intensity 0.03 2.32% 
Developed, Medium Intensity <0.01 0.24% 
Barren Land <0.01 0.18% 
Deciduous Forest 0.12 9.01% 
Evergreen Forest <0.01 0.24% 
Mixed Forest <0.01 0.08% 
Shrub/Scrub <0.01 0.03% 
Grassland/Herbaceous <0.01 0.34% 
Pasture/Hay 1.15 87.38% 






Table F.5.2 2001 to 2011 Developed Land Sources: Developed, Low Intensity 
Classification Square Miles % Share of Sources 
Open Water <0.01 0.02% 
Developed, Open Space 0.19 12.06% 
Developed, Medium Intensity 0.02 1.37% 
Developed, High Intensity <0.01 0.15% 
Barren Land 0.01 0.63% 
Deciduous Forest 0.12 7.47% 
Evergreen Forest 0.02 1.07% 
Mixed Forest <0.01 0.11% 
Grassland/Herbaceous 0.01 0.61% 
Pasture/Hay 1.22 76.39% 





Table F.5.3 2001 to 2011 Developed Land Sources: Developed, Medium Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.41 20.35% 
Developed, Low Intensity 0.34 16.88% 
Developed, High Intensity 0.04 1.86% 
Barren Land 0.06 3.02% 
Deciduous Forest 0.03 1.31% 
Evergreen Forest <0.01 0.19% 
Mixed Forest <0.01 0.10% 
Pasture/Hay 1.14 56.07% 






Table F.5.4 2001 to 2011 Developed Land Sources: Developed, High Intensity 
Classification Square Miles % Share of Sources 
Developed, Open Space 0.13 19.35% 
Developed, Low Intensity 0.16 22.50% 
Developed, Medium Intensity 0.11 15.20% 
Barren Land 0.03 3.90% 
Deciduous Forest 0.01 1.65% 
Grassland/Herbaceous <0.01 0.20% 
Pasture/Hay 0.25 35.60% 





Appendix G: Centrality 
 
1. Worker Flows 
Table G.1.1. County of Employment for Benton County Residents 
Year Benton County Washington County Other County 
1980 78.84% 9.53% 11.64% 
1990 83.19% 13.98% 2.83% 
2000 82.41% 14.77% 2.81% 
2010 81.06% 15.24% 3.69% 




Table G.1.2. County of Employment for Washington County Residents 
Year Benton County Washington County Other County 
1980 3.62% 85.60% 10.78% 
1990 7.90% 89.68% 2.42% 
2000 11.11% 86.52% 2.37% 
2010 14.40% 82.48% 3.11% 





Appendix H: Economic Performance 
 
H.1. Per-Capita Personal Income - Unadjusted Dollars 
Year United States Arkansas Benton Madison McDonald Washington 
1980 10,153 7,590 8,163 6,168 6,398 7,318 
1981 11,262 8,572 9,399 7,203 6,952 8,225 
1982 11,947 9,012 9,984 7,292 7,117 8,785 
1983 12,652 9,536 10,960 7,720 7,272 9,577 
1984 13,860 10,551 12,054 9,001 8,458 10,897 
1985 14,719 11,208 12,920 9,758 8,812 11,826 
1986 15,459 11,750 14,028 10,742 9,802 12,838 
1987 16,265 12,157 14,201 11,089 9,571 13,352 
1988 17,426 13,039 15,327 11,476 9,939 14,253 
1989 18,653 13,969 16,329 12,871 10,930 15,636 
1990 19,591 14,635 17,169 12,657 11,448 15,993 
1991 19,985 15,288 18,190 13,070 12,264 16,247 
1992 21,060 16,451 19,863 13,753 12,563 17,488 
1993 21,698 16,986 20,620 14,476 13,368 17,909 
1994 22,538 17,762 21,930 14,924 14,271 18,502 
1995 23,568 18,579 23,231 15,938 14,876 18,989 
1996 24,728 19,444 24,648 16,927 16,037 19,125 
1997 25,950 20,149 26,146 18,089 16,548 19,528 
1998 27,510 21,189 28,537 18,197 17,014 20,511 
1999 28,627 21,832 29,817 19,267 17,653 21,299 
2000 30,602 22,784 31,656 19,352 18,212 22,116 
2001 31,540 23,854 33,167 20,387 20,546 22,826 
2002 31,815 24,237 34,314 20,957 19,674 23,517 
2003 32,692 25,467 35,907 22,167 19,799 24,236 
2004 34,316 26,807 39,108 24,223 21,034 25,930 
121 
 
H.1. Per-Capita Personal Income - Unadjusted Dollars (cont.) 
2005 35,904 27,952 42,399 23,666 20,916 27,145 
2006 38,144 29,308 46,158 23,291 20,495 28,253 
2007 39,821 30,972 50,040 24,564 21,004 28,732 
2008 41,082 32,141 53,527 24,811 22,321 28,650 
2009 39,376 31,372 48,156 23,662 22,057 27,904 
2010 40,277 31,794 48,553 23,854 22,216 28,492 
2011 42,453 33,791 56,918 24,496 23,101 29,768 
2012 44,267 36,164 67,303 27,366 23,549 31,769 
2013 44,462 35,993 64,305 29,009 24,786 32,457 
2014 46,414 37,582 71,617 31,642 26,288 34,081 
2015 48,112 38,252 71,787 31,356 26,988 35,205 
 





Table H.2. Total Retail Trade - Millionths of US Total Retail Trade 
Year Benton County Madison County McDonald County Washington County 
1981 263 22 39 408 
1983 285 29 43 514 
1985 254 21 47 447 
1987 266 19 46 448 
1989 336 20 32 544 
1991 348 22 35 561 
1993 358 23 41 546 
1995 405 21 44 651 
1997 424 22 43 694 
1999 481 19 36 566 
2001 500 21 34 617 
2003 540 21 36 650 
2005 564 22 34 811 
2007 608 20 41 792 





Table H.3. Per-Capita General Merchandise Trade - Inflation Adjusted Dollars 
Year Benton County Madison County McDonald County Washington County 
1985 0.54 0.33 0.25 1.16 
1987 0.59 0.24 0.28 1.14 
1989 0.63 0.62 0.05 1.50 
1991 0.61 0.67 0.05 1.43 
1993 0.72 0.73 0.06 1.53 
1995 0.95 0.99 0.07 1.77 
1997 0.93 1.15 0.09 1.89 
1999 2.11 0.63 0.06 1.92 
2001 1.54 0.69 0.06 2.39 
2003 1.69 0.70 0.07 2.60 
2005 1.22 0.70 0.06 1.91 
2007 1.28 0.63 0.07 1.72 
Rand McNally Commercial Atlas, 1985-2009 
